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&CU .GDGP XQP 2HNCP\GP KUV KP GKPGOYGKVCWU ITÑ†GTGP7OHCPI XQP KJTGO FKTGMVGP
.GDGPUTCWOCDJ…PIKICNUFKGUDGK6KGTGPQFGT/GPUEJGPFGT(CNN KUV2HNCP\GPJCDGP
GKPGP HGUVGP 5VCPFQTV WPFRTQHKVKGTGP UQOKV XQPFGP KJPGP \WI…PINKEJGP4GUUQWTEGP
YKG .KEJV9CUUGT0…JTUVQHHGP WPF/KPGTCNKGP QFGT NGKFGP WPVGT KJTGO/CPIGN 5KG
JCDGP MGKPG/ÑINKEJMGKV FWTEJ 5VCPFQTVXGT…PFGTWPI 5EJCFUVQHHGP MQPMWTTKGTGPFGP
2HNCP\GP QFGT CPFGTGP WPI×PUVKIGP .GDGPUWOUV…PFGP CWU FGO 9GI \W IGJGP 
$GUQPFGTUFGWVNKEJYKTFFKGUGT0CEJVGKNDGK$GHCNNFWTEJ2CVJQIGPGQFGT5EJ…FNKPIG
9…JTGPF6KGTG UKEJIGIGP(GKPFGFWTEJ CMVKXGP-CORHXGTVGKFKIGPQFGTYGPKIUVGPU
FWTEJ (NWEJV GPV\KGJGP MÑPPGP JCDGP 2HNCP\GP FKGUG/ÑINKEJMGKVGP CWHITWPF KJTGU
HKZKGTVGP5VCPFQTVGUPKEJV
+O.CWHGFGT’XQNWVKQPJCDGPFKG2HNCP\GPLGFQEJXKGNH…NVKIG5VTCVGIKGPGPVYKEMGNVWO
FKGUGP 0CEJVGKN OÑINKEJUV CWU\WINGKEJGP 5EJQP KO ,CJT  JCV ’4056 56#*.
2TQHGUUQT KP ,GPC FKG YGEJUGNUGKVKIG #PRCUUWPI \YKUEJGP 2HNCP\GP WPF KJTGP
JGTDKXQTGP+PUGMVGPDGQDCEJVGV1
 9HUWHLGLJXQJVV\VWHPHYRQ3IODQ]HQ
’*4.+%* WPF 4#8’0 JCDGP  OKV CNU ’TUVG GKP /QFGNN UEJTKVVYGKUGT WPF
YGEJUGNUGKVKIGT EJGOKUEJGT ’XQNWVKQP 
-QGXQNWVKQP \YKUEJGP 2HNCP\GP WPF +PUGMVGP
XQTIGUEJNCIGP YQDGK FKG HGKPFNKEJGP EJGOKUEJGP 9GEJUGNYKTMWPIGP \YKUEJGP
2HNCP\GP WPF KJTGP PCV×TNKEJGP (GKPFGP FKG VTGKDGPFG GXQNWVKQP…TG -TCHV H×T FKG
#PRCUUWPI WPF 9GKVGTGPVYKEMNWPI DGKFGT )GIPGT UKPF2 &KGUG WTCNVGP 9GEJUGN
YKTMWPIGPMÑPPGPFCH×TXGTCPVYQTVNKEJUGKPFCUUXGTYCPFVG2HNCP\GPCTVGP…JPNKEJG
5GMWPF…TOGVCDQNKVG DKNFGP WPF GPI XGTYCPFVG +PUGMVGPHCOKNKGP …JPNKEJG
9KTVURHNCP\GPY…JNGP
+P\YKUEJGP JCV UKEJ FCU-QP\GRV FGT -QGXQNWVKQP HQTVGPVYKEMGNV/CP WPVGTUEJGKFGV
\YKUEJGPRCCTYGKUGTWPFFKHHWUGT-QGXQNWVKQP&KGGTUVGDG\KGJVUKEJCWHGKPYGEJUGN
UGKVKIGU WPF UEJTKVVYGKUGU 9GVVT×UVGP  FGT 2HNCP\G WPF KJTGU 5EJ…FNKPIU Y…JTGPF
UKEJ FKG \YGKVG WPF YGKVCWU J…WHKIGTG FCTCWH DG\KGJV FCUU OGJTGTG XGTYCPFVG
+PUGMVGPCTVGP GKPG4GKJG EJGOKUEJ …JPNKEJGT 2HNCP\GP DGHCNNGP#WEJ JKGTDGK MÑPPGP
*GTDKXQTGWPF2HNCP\GPFKG’PVYKEMNWPIFGULGYGKNUCPFGTGPUVCTMDGGKPHNWUUGP
22HNCP\GPJCDGP UKEJ CNUQ KO.CWHGFGT<GKV CWH KJTG (TC†HGKPFG GKPIGUVGNNV WPFOGJT
QFGT YGPKIGT URG\KHKUEJG #DYGJTOGEJCPKUOGP IGIGP UKG GPVYKEMGNV 0GDGP FGP
RJ[UKMCNKUEJGP /GVJQFGP FGT 8GTVGKFKIWPI YKG FGT #WUDKNFWPI XQP &QTPGP QFGT
GKPGTFKEMGPWPFWPFWTEJFTKPINKEJGP%WVKEWNCJCVFKGUGT2TQ\GUUJQEJMQORNGZGWPF
×DGTTCUEJGPFMTGCVKXG#PITKHHUWPF8GTVGKFKIWPIUUVTCVGIKGPJGTXQTIGDTCEJVFKGXQT
CNNGOCWHEJGOKUEJGP -CORHUVQHHGP DCUKGTGP
1.1.1 Konstitutive chemische Verteidigung
8KGNG2HNCP\GPJCDGPFKG5WDUVCP\GP\WKJTGT8GTVGKFKIWPIDGTGKVUIGDKNFGVDGXQTUKG
×DGTJCWRV IGUEJ…FKIV YGTFGP $GK FKGUGT MQPUVKVWVKXGP 
MQPUVKVWVKX ITWPFNGIGPF
YGUGPVNKEJ EJGOKUEJGP 8GTVGKFKIWPI IGJÑTGP )KHVG CWEJ \WT PQTOCNGP #WUUVCVVWPI
FGT2HNCP\GYGPPUKGPKEJVCPIGITKHHGPYKTF&GT8QTVGKNFKGUGT/GVJQFG NKGIVFCTKP
FCUUFKG8GTVGKFKIWPIUQHQTVDGTGKVKUVWPFFKGPÑVKIGP6QZKPG\$FKG…VJGTKUEJGP'NG
FGU ’WMCN[RVWU KO $GFCTHUHCNN PKEJV PGW U[PVJGVKUKGTV YGTFGPO×UUGP #PFGTGTUGKVU
DKTIVFKGUG/GVJQFGCWEJ)GHCJTGP5QOWUUFKG2HNCP\GIGIGPFCUGKIGPG)KHVKOOWP
UGKPFCOKVUKGPKEJVUGNDGTIGUEJ…FKIVYKTF
 6HOWHQH$PLQRVlXUHQ
’KPGKPVGTGUUCPVG5VTCVGIKGFGT8GTVGKFKIWPIFKGCNNGTFKPIUGJGTGKPG.CPI\GKVYKTMWPI
DGUKV\V CNU FKTGMV FGT DGVTQHHGPGP 2HNCP\G \W JGNHGP KUV FKG 8GTYGPFWPI UGNVGPGT
#OKPQU…WTGP3 &KG MQTTGMVG (WPMVKQP XQP 2TQVGKPGP WPF ’P\[OGP KUV XQP KJTGT
FTGKFKOGPUKQPCNGP 5VTWMVWT WPF UQOKV XQO MQTTGMVGO ’KPDCW FGT TKEJVKIGP
#OKPQU…WTGPDGKFGT2TQVGKPDKQU[PVJGUG CDJ…PIKI8KGNG2HNCP\GPGPVJCNVGP\W KJTGT
8GTVGKFKIWPIUGJTUGNVGPGPKEJVRTQVGKPQIGPG#OKPQU…WTGPFKGVGKNYGKUGOGJTCNU
FGT6TQEMGPOCUUGCWUOCEJGPMÑPPGP5KGYGKUGPGKPGITQ†GUVTWMVWTGNNGJPNKEJMGKV
OKVPQTOCNGP#OKPQU…WTGPCWH’KP$GKURKGN KUVFCU%CPCXCPKPGKP5VTWMVWTCPCNQIQP
FGU#TIKPKPU
9KTF FKG 2HNCP\G IGHTGUUGP YKTF FKGUG #OKPQU…WTG YKG CNNG CPFGTGP KP FGP
#OKPQU…WTGRQQN FGU *GTDKXQTGP ×DGTPQOOGP &WTEJ FKG ITQ†G JPNKEJMGKV KUV FKG
#TIKPKPV40#XKGNGT6KGTGLGFQEJPKEJVKPFGT.CIG\YKUEJGP1TKIKPCNWPF(…NUEJWPI
\WWPVGTUEJGKFGPWPFDCWVCWEJFCU HCNUEJG #TIKPKPGKP&KGUMCPPFKGDKQNQIKUEJG
#MVKXKV…VFGURTQFW\KGTVGP2TQVGKPUUVCTMTGFW\KGTGPQFGTUQICTICP\CWUUEJCNVGP
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Abb. 1: Canavanin und Arginin als Strukturanaloga
&KG #TIKPKPV40# FGT 2HNCP\G UGNDUV MCPP FCIGIGP \YKUEJGP %CPCXCPKP 
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1.1.2 Aktivierte chemische Verteidigung
$GK FGT CMVKXKGTVGP EJGOKUEJGP 8GTVGKFKIWPI DGYCJTV FKG 2HNCP\G PKEJVVQZKUEJG
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)KHVKPIGDWPFGPGT(QTOCNUUQIGPCPPVGUE[CPQIGPGU)N[MQUKF(×TFKG(TGKUGV\WPIKUV
FKG5RCNVWPIFGU)N[EQUKFUOKVVGNUGKPGT)N[EQUKFCUGPQVYGPFKIFKGKPGKPGOCPFGTGP
-QORCTVKOGPVFGT2HNCP\GIGURGKEJGTV KUV 
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Abb. 2: Das Cyanhydrin, das sich nach der Abspaltung des Zuckers bildet, zerfällt spontan in
Aldehyd und Blausäure. (Glc) = Glucose, R= H (90%) und OMe (10%) bei 3OXQDWXV
 6HQI|OH
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Abb. 3: Nach Abspaltung der Glucose zerfällt das Produkt in Sulfat und Senföl.
1.1.3 Induzierte chemische Abwehr
&KG 2TQFWMVKQP XQP #DYGJTUVQHHGP 
2J[VQCNGZKPGP WPF )KHVGP DGFGWVGV H×T FKG
2HNCP\G CWEJ KOOGT GKPGP 8GTDTCWEJ XQP 4GUUQWTEGP 7O FKGUGP 8GTDTCWEJ \W
OKPKOKGTGP WPF FCFWTEJ FKG )GUCOVHKVPGUU \W GTJÑJGP RTQFW\KGTGP XKGNG 2HNCP\GP
KJTG2J[VQCNGZKPGPWT KOMQPMTGVGP$GFCTHUHCNN&CDGK KPFW\KGTGPURG\KHKUEJG5KIPCNG
YKG<GNNYCPFHTCIOGPVGQFGT5WDUVCP\GPFKGXQPFGO5EJ…FNKPICDIGIGDGPYGTFGP
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OKVFGT KPMQORCVKDNGP#TVPKEJVURG\KHKUEJG5WDUVCP\GP
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Abb. 4 : Beispiele für Phytoalexine. Pisatin, Phaseolin, Psoralen, Resveratrol, Nikotin und
Papyriferinsäure
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2KUWO UCVKXWO KUQNKGTV
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9KG FCU 2KUCVKP 
 IGJÑTV CWEJ 2JCUGQNKP 
 FCU CWU FGT )CTVGPDQJPG 
2JCUGQNWU
XWNICTKU UVCOOV \W FGT )TWRRG FGT 2VGTQECTRCPG FKG UKEJ XQP FGP +UQHNCXQPQKFGP
CDNGKVGP2JCUGQNKPKUVIGIGP$CMVGTKGP*GHGPWPF2KN\GYKTMUCO8
&CU 2UQTCNGP 
 UVCOOV CWU FGT ITQ†GP )TWRRG FGT (WTCPQEWOCTKPG FKG OCP KP
&QNFGPDN×VNGTP 0GNMGP WPF .KOQPGP HKPFGV ’KP 5[ORVQO FCU FWTEJ FCU 6QZKP
JGTXQTIGTWHGPYKTF UKPF ITQ†GYCUUGTIGH×NNVG $NCUGP CWH FGT*CWV9 +JTG DGUQPFGTG
6QZK\KV…VGPVHCNVGPFKGUG2JQVQVQZKPGKP-QODKPCVKQPOKV78.KEJV&CFWTEJUKPFFKGUG
8GTDKPFWPIGPKPFGT.CIGCPFKG&05\WDKPFGPWPFUQITQ†GP5EJCFGPCP\WTKEJVGP
4GUXGTCVTQN 
 KUV GKP 2J[VQCNGZKP CWU 6TCWDGP $GK FKGUGT 5WDUVCP\ YWTFG KP FGP
NGV\VGP,CJTGPKOOGTYKGFGTGKPGVWOQTTGRTGUUKXG9KTMWPIDGK5…WIGVKGTGPFKUMWVKGTV
+O 9GKP UKPF LG PCEJ ,CJTICPI 9GVVGT .CIG 6TCWDGPCTV WPF 2CVJQIGPDGHCNN UGJT
WPVGTUEJKGFNKEJG/GPIGP4GUXGTCVTQNGPVJCNVGPYQDGK4QVYGKPIGPGTGNNFGWVNKEJOGJT
GPVJ…NVCNU9GK†YGKP10
’KPGTJÑJVGT0KMQVKPIGJCNV
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PCEJ $GHCNN FWTEJ 4CWRGP H×T FGP 5EJ…FNKPI WPIGPKG†DCT 0WT FGP URG\KCNKUKGTVGP
5EJ…FNKPIGP FGT 6CDCMRHNCP\G OCEJV FKGU PKEJVU CWU FC UKG CP FKGUG
8GTVGKFKIWPIUOGVJQFGCPIGRCUUVUKPF11
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#NCUMCRCRKGTDKTMG 
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#NPWU ETKURC DGK$GFCTHRTQFW\KGTV
WPF CWH FGT $NCVVQDGTHN…EJG XQP LWPIGP 6TKGDGP IGNCIGTV &KGU JKPFGTV FGP
5EJPGGUEJWJJCUGP FCTCP FKGUG DGUQPFGTU IGUEJ×V\VGP 2HNCP\GPVGKNG \W HTGUUGP &CU
6TKVGTRGPQKF MCPP KP FGP LWXGPKNGP 9CEJUVWOURJCUGP FGT +PVGTPQFKGP DKU \W 
2TQ\GPVFGU6TQEMGPIGYKEJVUCWUOCEJGP12
1.1.4 Tritrophe und multitrophe Systeme
0GDGP FGP FKTGMVGP 9GEJUGNYKTMWPIGP \YKUEJGP 2HNCP\G WPF *GTDKXQT QFGT
2CVJQIGP \GKIGPPGWGTG(QTUEJWPIGPCWEJFKG EJGOKUEJG-QOOWPKMCVKQP \YKUEJGP
2HNCP\G *GTDKXQT WPF GKPGT FTKVVGP VTQRJKUEJGP ’DGPG FKG H×T FKG #DYGJT XQP
5EJCFKPUGMVGP GKPG YKEJVKIG 4QNNG URKGNV 8KGNG 2HNCP\GP FKG CMWV XQP 5EJ…FNKPIGP
DGHCNNGPYGTFGP UKPF KP FGT .CIG WO*KNHG \W TWHGP  &CDGK NQEMGP UKG CMVKXOKV
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&WHVUVQHHGP 2CTCUKVGP QFGT (GKPFG FGT 5EJCFKPUGMVGP CP 5Q NQEMV \WO $GKURKGN FKG
.KOCDQJPG 2JCUGQNWU NWPCVWU DGK $GHCNN FWTEJ FKG JGTDKXQTG 5RKPPOKNDG 6GVTCP[EJWU
WTVKECGKJTGPPCV×TNKEJGP(GKPFFKG4CWDOKNDG2J[VQUGKWNWURGTUKOKNKUCP&KG4CWDOKNDG
YKTF XQO .WHVUVTQO VTCPURQTVKGTV WPF YCPFGTV UQ XQP 2HNCP\G \W 2HNCP\G CWH FGT
5WEJG PCEJ 0CJTWPI &WTEJ KJTG QNHCMVQTKUEJGP 5KPPG KUV UKG KP FGT .CIG XQP FGT
5RKPPOKNDG DGHCNNGPG 2HNCP\GP XQP PKEJV DGHCNNGPGP \W WPVGTUEJGKFGP 5QNEJG
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FCU5KIPCNH×TFKG/KNDGFKG9CPFGTWPI\WDGGPFGP&CU6KGTDGIKPPVFCPPCWHFGT
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DGUVCPFCWUFGTRCTCUKV…TGP9GURG%QVGUKCOCTIKPKXGPVTKU/CKURHNCP\GP
/C[U\GC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FGT5EJOGVVGTNKPIUTCWRG5RQFQRVGTCGZKIWC%OCTIKPKXGPVTKU KUVGKP2CTCUKVFGT.CTXGP
XQP5RGZKIWCKPFGOUKGKJTG’KGTKPFCU+PPGTGFGT4CWRGPCDNGIV9KGFKG.KOCDQJPG
TGCIKGTV CWEJ FKG /CKURHNCP\G OKV FGT ’OKUUKQP XQP &WHVUVQHHGP CWH FGP (TC† FGT
4CWRGP&KG2HNCP\GYKTFFCFWTEJCVVTCMVKXH×TFKGRCTCUKV…TG9GURG7PVGTUWEJWPIGP
JCDGP IG\GKIV FCUU FKG&WHVUVQHHG H×T FCU LGYGKNKIG 5[UVGO EJCTCMVGTKUVKUEJ UKPF 5Q
YGTFGPFKG9GURGPPKEJVDGK$GHCNNFWTEJFKG5RKPPOKNDGPCPIGNQEMV14
 6LJQDOWUDQVGXNWLRQLQK|KHUHQ3IODQ]HQ
9GPPFKG2HNCP\GXQP2CVJQIGPGPQFGT*GTDKXQTGPDGHCNNGPYKTFKUV\WTKPFW\KGTVGP
$KQU[PVJGUG XQP #DYGJTUWDUVCP\GP GKP GHHGMVKXGU 5KIPCNVTCPUFWMVKQPUU[UVGO
GTHQTFGTNKEJ +JT flDGTNGDGP KUV XQP GKPGT UEJPGNNGP #PVYQTV CWH FKG 5EJ…FKIWPI
CDJ…PIKI &KG RTKO…TGP ’NKEKVQTGP FKG FKG 2HNCP\G CMVKXKGTGP UKPF XQP FGT #TV FGU
CD\WYGJTGPFGP2CVJQIGPUCDJ…PIKIWPFIGJÑTGPXGTUEJKGFGPGP5WDUVCP\MNCUUGPCP
’UUKPFWPVGTCPFGTGO1NKIQUCEEJCTKF(TCIOGPVGCWUFGP<GNNY…PFGPFGTRCVJQIGPGP
2KN\GQFGTFGT2HNCP\GUGNDUVMNGKPG2TQVGKPG 
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\$ 8QNKEKVKP15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2HNCP\GQFGTFGU2CVJQIGPU
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5KIPCNYGIGWPVGTUEJGKFGP&KGUKUV\WOGKPGPFKGXGTYWPFWPIUKPFW\KGTVG5KIPCNMGVVG
WPF\WOCPFGTGPFKGJ[RGTUGPUKVKXG4GCMVKQPCWHFGP2CVJQIGPDGHCNN
81.2.1 Signalweg der Wundantwort
8GTNGV\WPIGPCP$N…VVGTPFWTEJ +PUGMVGPQFGTFWTEJOGEJCPKUEJG<GTUVÑTWPI H×JTGP
KPXKGNGP2HNCP\GP\WT2TQFWMVKQPXQP2TQVGKPCUG+PJKDKVQTGP
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CWEJ U[UVGOKUEJ 6QOCVGPRHNCP\GP 
.[EQRGTUKEQP GUEWNGPVWO TGCIKGTGP CWH
8GTNGV\WPIGPKJTGT$N…VVGTOKVGKPGTU[UVGOKUEJGP$KQU[PVJGUGXQP2+0U&KGUGITGKHGP
KP FCU 8GTFCWWPIUU[UVGO XQP +PUGMVGP WPF FGP 5VQHHYGEJUGN XQP 2CVJQIGPGP GKP
TGFW\KGTGP FKG 8GTH×IDCTMGKV XQP GUUGPVKGNNGP #OKPQU…WTGP WPF XGT\ÑIGTP UQ FCU
9CEJUVWO FGT 5EJ…FNKPIG &KGUG 4GCMVKQP YKTF FWTEJ ,CUOQPU…WTG D\Y CPFGTG
1EVCFGECPQKFGQFGTCWEJFWTEJ’VJ[NGPCNU5KIPCNOQNGM×NGGKPIGNGKVGV
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1DYQJN GU GKPG ITQ†G 8KGNHCNV CP RTKO…TGP ’NKEKVQTGP WPF WPVGTUEJKGFNKEJGP
#DYGJTTGCMVKQPGP IKDV UEJGKPGP FKG 8GTVGKFKIWPIUOGEJCPKUOGP FGT OGKUVGP
WPVGTUWEJVGP 2HNCP\GPCTVGP DGK 8GTYWPFWPI \$ FWTEJ *GTDKXQTG YGPKIUVGPU CWH
GKPGTIGOGKPUCOGP)TWRRGXQP5KIPCNOQNGM×NGP\WDGTWJGP&KGRTKO…TGP’NKEKVQTGP
KPFW\KGTGP×DGTGKPGPQEJYGKVIGJGPFWPDGMCPPVG5KIPCNMCUMCFGFKG$KQU[PVJGUGXQP
,CUOQPU…WTG 
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<+//’4/#0 DGUEJTKGDGPGP 1EVCFGECPQKFYGI JGTIGUVGNNV16 #WUICPIUUWDUVCP\ KUV
FCDGK FKG .KPQNGPU…WTG 
 FKG PCEJ FGT1ZKFCVKQP \W 
5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,#  GKPG UVCTMG
DKQNQIKUEJG #MVKXKV…V17 &WTEJ FKG PCEJHQNIGPFG 4GFWMVKQP WPF -×T\WPI FGT
5GKVGPMGVVGFWTEJFTGK<[MNGPGKPGTβ1ZKFCVKQPGPVUVGJVUEJNKG†NKEJ,CUOQPU…WTG
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
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 KPFW\KGTGP KP FGT 2HNCP\G URG\KHKUEJG
#DYGJTTGCMVKQPGP5KGCMVKXKGTGP)GPGXQP2TQVGKPCUG+PJKDKVQTGPQFGTXQP’P\[OGP
FKG DGK FGT 2TQFWMVKQP XQP 5GMWPF…TGOGVCDQNKVGP WPF 2J[VQCNGZKPGP GKPG 4QNNG
URKGNGP ,CUOQPU…WTG KUV CWEJ CP FGT 4GIWNCVKQP XQP #NVGTWPIU WPF
9CEJUVWOURTQ\GUUGPKPFGT2HNCP\GDGVGKNKIV
#WHITWPF FKGUGT \GPVTCNGP 4QNNG XQP ,CUOQPU…WTG KO 5GMWPF…TUVQHHYGEJUGN FGU
RHNCP\NKEJGP #DYGJTU[UVGOU MCPP OCP FWTEJ M×PUVNKEJG #RRNKMCVKQP XQP ,# QFGT
/G,# KP XKGNGP 5[UVGOGP 5EJ…FNKPIUDGHCNN KOKVKGTGP WPF FKG GPVURTGEJGPFG#PVYQTV
FGT 2HNCP\G CWUNÑUGP 5Q KPFW\KGTV ,# FKG $KQU[PVJGUG XQP &WHVUVQHHGP 6CZQN
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Abb. 5: Octadecanoid-Pathway. LA=Linolensäure; 13-HPOT=(9=),(11(),(15=)-(136)-Hydro-
peroxyoctadeca-9,11,15-triensäure; 12,13-EOLA=(9=),(15=)-12,(136)-Epoxyoctadeca-9,11,15-
triensäure; 12-OPDA= (95,136)-12-Oxophytodiensäure; OPC= (95,136)-3-Oxo-2-(2'-pentenyl)-
cyclopentanoctansäure; JA= (35,75)-Jasmonsäure; epi-JA= (35,76)-HSL-Jasmonsäure
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Abb. 6: Ethylen Biosynthese. Die Aminocyclopropan-Carboxylat-Synthase (ACC-Synthase)
spaltet das 6-Adenosylmethionin zur Cyclopropanaminosäure  und . Die ACC-Oxidase
oxidiert das Produkt danach zu Ethylen, Wasser, Blausäure und CO2.
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1.2.2 Signalweg bei Pathogenbefall und SAR
 +\SHUVHQVLWLYH5HDNWLRQ
’KPGUGJTGHHGMVKXG8GTVGKFKIWPIDGUVGJVFCTKPPCEJFGO’KPFTKPIGPGKPGU2CVJQIGPU
FGUUGPYGKVGTG8GTDTGKVWPIOÑINKEJUV\WXGTJKPFGTPWPFUGKPG#WUDTGKVWPICWHGKPGP
OÑINKEJUV MNGKPGP )GYGDGDGTGKEJ FGT 2HNCP\G \W DGUEJT…PMGP &CDGK GPVUVGJGP
CWUIGNÑUVFWTEJFKGJ[RGTUGPUKVKXG4GCMVKQP
*4 NQMCNG0GMTQUGPCNUQ$GTGKEJGOKV
CDIGUVQTDGPGO <GNNIGYGDG FKG XGTOWVNKEJ CWU RTQITCOOKGTVGO <GNNVQF 
#RQRVQUG
TGUWNVKGTGP&CFGT’KPFTKPINKPI\WT8GTDTGKVWPICWH NGDGPFGP<GNNKPJCNV CPIGYKGUGP
KUVQRHGTVFKG2HNCP\GFKGWONKGIGPFGP<GNNGP
0GDGP FGO NQMCNGP <GNNVQF UKPF CP FGT +PHGMVKQPUUVGNNG J…WHKI GKPG 4GKJG XQP
<GNNYCPFXGT…PFGTWPIGP \W DGQDCEJVGP &KGUG 8GT…PFGTWPIGP \W FGPGP \$ FKG
8GTUV…TMWPIFGT<GNNYCPFFWTEJ.KIPKP8,23QFGTFKG#MMWOWNCVKQPWPF8GTMP×RHWPI
XQP<GNNYCPFRTQVGKPGPIGJÑTGP24,25FKGPGPCNURJ[UKMCNKUEJG$CTTKGTGP#NU#WUNÑUGT
H×TFGPRTQITCOOKGTVGP<GNNVQFYWTFGKPXKGNGP(…NNGPGKPUVCTMGT#PUVKGIXQPCMVKXGP
5CWGTUVQHH5RG\KGU YKG 5WRGTQZKF WPFQFGT 9CUUGTUVQHHRGTQZKF CWUIGOCEJV

 QZKFCVKXGDWTUV 26
 6\VWHPLVFKHUZRUEHQH5HVLVWHQ]6$5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Abb. 7: Salicylsäure (SA), Methylsalicylat (MeSA)
’KPPKEJVIGTKPIGT#PVGKNFGT5#YKTFKPGKPGOÑINKEJG5RGKEJGTHQTOFKG5CNKE[NU…WTG
βINWEQUKFGWOIGYCPFGNV8KGNGU URTKEJVFCH×TFCUU 5#CWEJFGTOQDKNG 5KIPCNUVQHH
H×TFKG5#4KPPGTJCNDFGT2HNCP\GKUV’UMQPPVGCWEJ/GVJ[NUCNKE[NCV
CNUHN×EJVKIGT
5KIPCNUVQHH KFGPVKHK\KGTV YGTFGP FGT FKG 8GTVGKFKIWPIUOGEJCPKUOGP KP DGPCEJDCTVGP
$N…VVGTPWPFOÑINKEJGTYGKUGUQICTKPDGPCEJDCTVGP2HNCP\GPCMVKXKGTV/GVJ[NUCNKE[NCV
MCPPPKEJVPWTKPFGT)CURJCUGUQPFGTPCWEJIGPCWYKG5CNKE[NU…WTG KOXCUMWN…TGP
5[UVGOFGT2HNCP\GVTCPURQTVKGTVYGTFGP27
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Abb. 8: Modell der Funktionen von Salicylsäure in der Pflanze nach Klessig.27
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1.2.3 Wechselwirkungen zwischen JA, Ethylen und SA
+PFGPNGV\VGP,CJTGPJCVUKEJJGTCWUIGUVGNNVFCUUFKGWPVGTUEJKGFNKEJGP8GTVGKFKIWPIU
TGCMVKQPGP MGKPGUYGIU XQPGKPCPFGT WPCDJ…PIKIG NKPGCTG 5KIPCNMCUMCFGP UKPF
UQPFGTPUKEJIGIGPUGKVKIDGGKPHNWUUGPUQICTDNQEMKGTGPMÑPPGP
9…JTGPF,CUOQPU…WTGWPF’VJ[NGPKPXKGNGP5[UVGOGPU[PGTIKUVKUEJYKTMGPDNQEMKGTV
5CNKE[NU…WTGFKGDGK2CVJQIGPDGHCNN RTQFW\KGTVYKTFFKGYWPFKPFW\KGTVG)GPGZRTGU
UKQP KP 6QOCVGPRHNCP\GP &KGU IGUEJKGJV YCJTUEJGKPNKEJ FWTEJ +PJKDKGTWPI FGT
,CUOQPU…WTG$KQU[PVJGUG
UKGJG5GKVG
 3VHXGRPRQDGHQDOV3DWKRJHQH
1.3.1 Pseudomonas syringae pv. glycinea
’KPGYKEJVKIG4QNNGDGKFGT7PVGTUWEJWPIXQP2HNCP\GP2CVJQIGP9GEJUGNYKTMWPIGP
URKGNV 2 U[TKPICG GKP )TCOPGICVKXGU QDNKICV CGTQDGU UV…DEJGPHÑTOKIGU WPF RQNCT
DGIGK†GNVGU $CMVGTKWO WPF FGUUGP 2J[VQVQZKPG &CU $CMVGTKWO KUV FGT ’TTGIGT FGU
$CMVGTKGPDTCPFGUCWH5QLCRHNCP\GPFCDGKDKNFGPUKEJYCUUGTFWTEJVT…PMVG$GTGKEJG KO
$NCVV FKG UKEJ KO 8GTNCWH FGT -TCPMJGKV KP PGMTQVKUEJG XQP EJNQTQVKUEJGP *ÑHGP
WOIGDGPG <QPGP WOYCPFGNP &C FKGUG -TCPMJGKV XGTOGJTV PCEJ 2GTKQFGP M×JNGT
9KVVGTWPI CWHVTKVV YKTF 2 U[TKPICG RX IN[EKPGC CWEJ CNU GKP V[RKUEJGU
-CNVYGVVGTRCVJQIGP DG\GKEJPGV28 &KG 5EJ…FGP FKG FWTEJ FKGUGU $CMVGTKWO
JGTXQTIGTWHGPYGTFGPUKPFFCDGKXQPDGVT…EJVNKEJGTYKTVUEJCHVNKEJGT$GFGWVWPI29
2 U[TKPICG RX IN[EKPGC NGDV GRKRJ[VKUEJ CWHFGT$NCVVQDGTHN…EJG QFGT KO$QFGP D\Y
CWH CDIGUVQTDGPGO 2HNCP\GPOCVGTKCN 8QP FQTV FTKPIV FCU $CMVGTKWO ×DGT FKG
5RCNVÑHHPWPIGP 
5VQOCVC CWH FGT $NCVVWPVGTUGKVG QFGT ×DGT MNGKPG 9WPFGP FGT
%WVKMWNCUEJKEJV KP FGP +PVGT\GNNWNCTTCWO FGU $NCVVIGYGDGU 
/GUQRJ[NN GKP +UV FCU
2CVJQIGP GTHQNITGKEJ KP UGKPG 9KTVURHNCP\G GKPIGFTWPIGP DGIKPPV GU UKEJ KO
+PVGT\GNNWNCTTCWO\WXGTOGJTGP6[RKUEJG5[ORVQOGFGU$CMVGTKGPDTCPFGUYGTFGP
 6CIG PCEJ GTHQNITGKEJGT $GUKGFNWPI XQP 2 U[TKPICG RX IN[EKPGC CWH UGKPGT
9KTVURHNCP\GFGT5QLCDQJPGUKEJVDCT
1.3.2 Coronatin und der Indanoyl-Isoleucinmethylester
’KPGYKEJVKIG9CHHG FGU $CMVGTKWOU \WT $GUKGFGNWPI FGT 2HNCP\G KUV FCU 2J[VQVQZKP
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Abb. 9: Coronatin (COR), Coronafacinsäure (CFA), Coronamsäure (CMA), 12-Oxophytodien-
säure (OPDA), Jasmonsäure (JA)
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JGTXQTIGTWHGPYGTFGP&CPGDGPDGYKTMVFCU2J[VQVQZKPGKPITQ†GU5RGMVTWOYGKVGTGT
’HHGMVG \$ FKG 8GTUV…TMWPI FGU #DDCWU FGT $NCVVUWDUVCP\ 
5GPGU\GP\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Abb. 10: Biosyntheseroute des Coronatins. CFA wird aus drei Acetateinheiten, einer Pyruvat-
und einer Butyrateinheit aufgebaut und dann mit CMA bzw. deren biosynthetischen Vorläufern
verknüpft.
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Abb. 11: OPDA und Coronatin aufeinander abgebildet.
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Abb. 12: Transformation der stereochemisch komplexen Coronatinstruktur zum Indanoyl-IleMe-
Konjugat
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Abb. 13: Biosynthesewege zu einigen der emittierten Duftstoffe von 3OXQDWXV. DMNT= (()-4,8-
Dimethyl-1,3,7- nonatrien; TMTT= ((,()-4,8,12-Trimethyl-1,3,7,11-tridecatetraen.
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Abb. 14: Duftspektrum nach Elicitierung mit Coronatin, 100 µM (IS: interner Standard)
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Abb. 15: Duftspektrum nach Elicitierung mit Indanoyl-Isoleucinmethylester, 100 µM
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Abb. 16: Coronatin und Indanoyl-Isoleucinmethylester
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Abb. 17: Schema einer Photoaffinitätsmarkierung
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5EJYKGTKIMGKV FCUU 8GT…PFGTWPIGP FGT 5VTWMVWT FGT ,CUOQPU…WTG 
 \$ FWTEJ
#PDTKPIGPGKPGTRJQVQNCDKNGP)TWRRG \WO8GTNWUV QFGT \WOKPFGUV \W GKPGT UVCTMGP
4GFWMVKQP FGT DKQNQIKUEJGP #MVKXKV…V H×JTGP 5Q KUV FKG 8GTN…PIGTWPI FGT
2GPVGP[NUGKVGPMGVVGOKV URGTTKIGP 4GUVGP UGJT MTKVKUEJ#P FGT WPUWDUVKVWKGTVGP 5GKVG
FGU (×PHTKPIU UKPF MGKPGTNGK 8GT…PFGTWPIGP GTNCWDV &KG 5GKVGPMGVVG OKV FGT
5…WTGHWPMVKQP MCPP \YCT QJPG #MVKXKV…VUXGTNWUV XGTN…PIGTV YGTFGP CDGT ITÑ†GTG
5WDUVKVWGPVGPUKPFPKEJVOÑINKEJ
*KGT MCPPFCU +PFCPQ[N+UQNGWEKP-QPLWICV 
 CNU ,##PCNQIQPYGKVGTJGNHGP&KGUG
PGWG.GKVUVTWMVWTDKGVGVRQVGPVKGNNG(TGKJGKVUITCFGH×TUVTWMVWTGNNG8GT…PFGTWPIGPWPF
NÑUV VTQV\FGO FKG INGKEJG DKQNQIKUEJG #PVYQTV KP 2HNCP\GP CWU YKG ,CUOQPU…WTG 5Q
MCPP OCP CWU GKPGO 5VTWMVWTXGTINGKEJ DGTGKVU GTUVG +PHQTOCVKQPGP IGYKPPGP ’U
YWTFGOGJTHCEJIG\GKIVFCUU8GT…PFGTWPIGPCPFGT-GVQHWPMVKQP KP%QTQPCVKP 

QFGT ,# 
 FKG#MVKXKV…V FGT8GTDKPFWPIGP JGTCDUGV\GP ’KP)TWPF MÑPPVG KP
FGT*KPFGTWPIFGUflDGTICPIUXQOVGVTCIQPCNGPUR\WORNCPCTGPURα-QJNGPUVQHH
FGT-GVQHWPMVKQP
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Abb. 18: Infolge der Keto-Enol-Tautomerie ist die Jasmonsäure an C-7 planar. Beim
Indanonderivat sorgt der aromatische Sechsring für die gleiche Planarität.
&KGUG)TGP\UVTWMVWT FGT-GVQ’PQN6CWVQOGTKGYKTF DGKO +PFCPQPFGTKXCV FWTEJ FKG
2NCPCTKV…VFGUCTQOCVKUEJGP4KPIUGTTGKEJV#WUIGJGPFXQPFGT’PQNHQTOFGT,#Y…TG
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CWEJ FKG 9GEJUGNYKTMWPI OKV FGO 4G\GRVQT OÑINKEJ DGKURKGNUYGKUG ×DGT FKG
9GEJUGNYKTMWPIOKV9CUUGTUVQHHDT×EMGPCM\GRVQTGP
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Abb. 19: Mögliche Wasserstoffbrückenbindung der Enolform von JA zu einem Rezeptor oder
Bindeprotein. A=H-Brückenakzeptor.
-47// MQPPVG \GKIGP FCUU UQYQJN FKG GPVURTGEJGPFGP #NMQJQN 6JKQN WPF
1ZKOFGTKXCVG CNU CWEJ FCU %JNQTKPFGPFGTKXCV FGT +PFCPQ[NXGTDKPFWPI CMVKX UKPF
&CIGIGP\GKIVGP8GTDKPFWPIGPQJPGGPVURTGEJGPFG(WPMVKQPCNKUKGTWPICP%MGKPG
#MVKXKV…V
&KGUG +PHQTOCVKQPGP UKPF DGKO ’PVYWTH GKPGU 2JQVQCHHKPKV…VUOCTMGTU WPF FGT FCOKV
XGTDWPFGPGP 8GT…PFGTWPI FGT +PFCPQP5VTWMVWT  \W DGT×EMUKEJVKIGP *KGT DNGKDV
UQOKVXQTCNNGOFGT#TQOCVXQPCNU1TVGKPGTOÑINKEJGP/QFKHK\KGTWPI
3.1.1 Auswahl einer photolabilen Gruppe
+O.CWHGFGT9GKVGTGPVYKEMNWPIFGT2JQVQCHHKPKV…VUOCTMKGTWPIUKPFUGKVFGPUGEJ\KIGT
,CJTGPGKPGICP\G4GKJGRJQVQNCDKNGT)TWRRGPGPVYKEMGNVYQTFGP+JPGPCNNGPNKGIV
FCU 2TKP\KR \WITWPFG PCEJ $GUVTCJNGP OKV GPGTIKGTGKEJGO .KEJV JQEJTGCMVKXG
+PVGTOGFKCVG \W DKNFGP FKG UEJPGNN OKV HWPMVKQPGNNGP )TWRRGP FGT 4G\GRVQTGP
TGCIKGTGP MÑPPGP +O (QNIGPFGP UKPF CWU FGT ITQ†GP 8KGNHCNV FGT RJQVQNCDKNGP
)TWRRGPGKPKIGRQVGPVKGNNG2JQVQCHHKPKV…VUUQPFGPCWHIGH×JTVFKG KP$GVTCEJVIG\QIGP
YWTFGP&KG#WUYCJNOWUUVGPCEJU[PVJGVKUEJGT<WI…PINKEJMGKVWPFFGORQVGPVKGNNGP
’KPHNWUUCWHFKGDKQNQIKUEJG#MVKXKV…VIGVTQHHGPYGTFGP
 $U\OD]LGH
’KPGFGTDGNKGDVGUVGP)TWRRGPCP2JQVQCHHKPKV…VUUQPFGPUKPFFKG#T[NC\KFG9KGXKGNG
FGT CPFGTGP RJQVQNCDKNGP )TWRRGP UGV\GP UKG DGK $GNKEJVWPI 5VKEMUVQHH HTGK 5KG UKPF
GKPHCEJ \W U[PVJGVKUKGTGP WPF JCDGP GKPG JQJG 5VCDKNKV…V KO&WPMGNP #NNGTFKPIU KUV
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Abb. 20: Arylazide als Photoaffinitätssonden und ihre Reaktionen mit funktionellen Gruppen von
Proteinen (=Prot)
&KG#TVFGT4GCMVKQPFGU0KVTGPU KUV UGJT UVCTMXQPFGP5WDUVKVWGPVGPFGU#TQOCVGP
CDJ…PIKI 5Q TGCIKGTV FCU RCTC0KVTQCT[NC\KF KP %[ENQJGZCP WPF KP )GIGPYCTV XQP
&KGVJ[NCOKP HCUV XQNNUV…PFKI \WO 0KVTQCPKNKP Y…JTGPF UKEJ FCU RCTC%JNQTCT[NC\KF
XQNNUV…PFKI\WO&KFGJ[FTQC\GRKPWONCIGTV
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<YKUEJGPUVWHGPWPF UKPF KPRTQVKUEJGP.ÑUWPIUOKVVGNP UVCDKN +JTG4CFKMCNEJGOKG KUV
FGHKPKGTV &GT 0CEJVGKN NKGIV KO ITQ†GP 4CWODGFCTH &GT U[PVJGVKUEJG #WHYCPF KUV
PKEJVUGJTITQ†\WFGOUKPFGKPKIGFKGUGT8GTDKPFWPIGPMQOOGT\KGNNGTJ…NVNKEJ
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Abb. 21: Benzophenone als Photoaffinitätssonden (Prot= Protein).
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MQXCNGPVG$KPFWPI\WO4G\GRVQTCWUIGDKNFGV
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&KC\KTKPGYWTFGP GTUVOCNU  XQP 5/+6* WPF -019.’5 CNU 2JQVQCHHKPKV…VUUQPFGP
XQTIGUEJNCIGP’KPG9GKVGTGPVYKEMNWPIUKPFFKG6TKHNWQTOGVJ[NCT[NFKC\KTKPGFKGUKEJ
FWTEJ XQTVGKNJCHVG RJQVQEJGOKUEJG ’KIGPUEJCHVGP WPF JGTXQTTCIGPFG EJGOKUEJG
5VCDKNKV…VCWU\GKEJPGP
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Abb. 22: Diazirine als Photoaffinitätssonden
0CEJ $GUVTCJNGP \GTH…NNV FCU &KC\KTKP \WO %CTDGP QFGT KUQOGTKUKGTV \WT NKPGCTGP
&KC\QXGTDKPFWPI FKG YKGFGTWO \WO %CTDGP \GTH…NNV &KGUGU TGCIKGTV FCPP OKV
XGTUEJKGFGPGPHWPMVKQPGNNGP)TWRRGPKPGKPGT’KPUEJWDTGCMVKQP
3.1.2 Übertragung auf das Indanongerüst
&CU *CWRVRTQDNGO DGK FGT ’TYGKVGTWPI FGU +PFCPQPMQPLWICVU 
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TGUWNVKGTGPFGP2JQVQCHHKPKV…VUOCTMGTU
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Abb. 23: Strukturvergleich von Coronatin,  und JA
&GT 2NCV\DGFCTH FGT RJQVQNCDKNGP )TWRRG UQNNVG CP FKGUGT 5VGNNG KO +FGCNHCNN KP FGT
)TÑ†GPQTFPWPI FGT 5WDUVKVWGPVGP XQP %QTQPCVKP 
’VJ[N WPF ,CUOQPU…WTG

2TQRGP[NITWRRGNKGIGP8QPFGPQDGPCWHIGH×JTVGP2JQVQUQPFGPY×TFGGKP#T[NC\KF
FKGUGT 8QTICDG CO DGUVGP GPVURTGEJGP FQEJ CWEJ GKP 6TKHNWQTOGVJ[NFKC\KTKFKP NKGIV
PQEJKPFKGUGT)TÑ†G
#WHITWPFFGU KFGCNGP2NCV\DGFCTHUWPFFGUGKPHCEJGPU[PVJGVKUEJGP<WICPIU HKGNFKG
’PVUEJGKFWPICWHFGP#\KFQKPFCPQ[N.KUQNGWEKPOGVJ[NGUVGT
CNU5[PVJGUG\KGN
3.1.3 Synthese des Photoaffinitätsmarkers
&KG-WRRNWPIFGT#\KFQKPFCPQPECTDQPU…WTG
OKVGKPGT#OKPQU…WTGUQNNVGPCEJ
FGT DKUJGT XGTYGPFGVGP *1$VCMVKXKGTVGP /GVJQFG OÑINKEJ UGKP ’KPG KPVGPUKXG
.KVGTCVWTTGEJGTEJG \GKIVG H×T FKG 5[PVJGUG FGT UWDUVKVWKGTVGP +PFCPQPG FCUU
DKUJGTMGKPGRCUUGPFHWPMVKQPCNKUKGTVG5WDUVCP\GPDGMCPPVYCTGP
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Abb. 24: Retrosynthetische Überlegung zu  und 
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0CVTKWOEJNQTKFWPF#NWOKPKWOVTKEJNQTKFKPVTCOQNGMWNCTE[ENKUKGTV&CDGKDKNFGVUKEJ
KP UKVW \WP…EJUV FCU 5…WTGEJNQTKF FCU FCPP FKG (TKGFGN%TCHVU#E[NKGTWPI GKPIGJV
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Abb. 25: Synthese der Indanoncarbonsäure 
&KGFKTGMVG(WPMVKQPCNKUKGTWPIFGT+PFCPQPECTDQPU…WTGY…TGFGTGKPHCEJUVG<WICPI
\W  IGYGUGP XQT CNNGO FC FKG -GVQ WPF FKG %CTDQZ[HWPMVKQP OGVC WPF FKG
#NM[ITWRRGRCTCFKTKIKGTGPFUKPF,GFQEJ\GKIVGUKEJFCUUCNNG8GTUWEJGFKG2QUKVKQP
\W HWPMVKQPCNKUKGTGP FWTEJ FKG FGCMVKXKGTGPFG 9KTMWPI FKGUGT GTUVIGPCPPVGP
5WDUVKVWGPVGP HGJN UEJNWIGPQFGTFKG IGY×PUEJVG8GTDKPFWPIPWT CNU0GDGPRTQFWMV
GTICDGP
5Q H×JTVGP DGKURKGNUYGKUG CNNG $TQOKGTWPIUXGTUWEJG OKV FGP WPVGTUEJKGFNKEJUVGP
4GCIGP\KGP WPF $GFKPIWPIGP PWT \WT $TQOKGTWPI FGU (×PHTKPIU CDGT PKEJV \WT
4GCMVKQP CO #TQOCVGP #WU FKXGTUGP 0KVTKGTWPIUXGTUWEJGP GTJKGNV OCP FCU
IGY×PUEJVG2TQFWMVPWTCNU5RWTPGDGP\CJNTGKEJGP1ZKFCVKQPURTQFWMVGP
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Abb. 26: Funktionalisierungsversuche der 6-Position von 
9GKVGTG.KVGTCVWTTGEJGTEJGP H×JTVGP\W#TDGKVGPXQP#0&4’95WPF*#48’;YGNEJG
FKGJ[FTKGTVGQTVJQ%CTDQZ[\KOVU…WTG
KPOGVC2QUKVKQP\WT5…WTGHWPMVKQPCNKUKGTGP
MQPPVGP &CDGK GPVUVGJV FWTEJ 0KVTKGTWPI FKG 8GTDKPFWPI  FKG FCU MQTTGMVG
5WDUVKVWVKQPUOWUVGT
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Abb. 27: Reaktion zu 2-2‘-Carboxyethyl-5-nitrobenzoesäure 
.GKFGT KUV DGK FGT  %CTDQZ[GVJ[NPKVTQDGP\QGU…WTG 
 FGT #TQOCV FWTEJ FKG
0KVTQHWPMVKQP PWP UQ UVCTM FGCMVKXKGTV FCUU GKPG (TKGFGN%TCHVU%[ENKUKGTWPI PKEJV
OGJT OÑINKEJ YCT 5GNDUV FKG 8CTKCVKQP XQP .GYKU5…WTGP WPF 6GORGTCVWT DTCEJVG
MGKPG.ÑUWPI
#WU FKGUGO )TWPF OWUU FKG 0KVTQITWRRG KP GKPGP 5WDUVKVWGPVGP OKV CMVKXKGTGPFGT
9KTMWPI WOIGYCPFGNV YGTFGP FGT UKEJ ×DGTFKGU OÑINKEJUV GKPHCEJ KP GKP #\KF
×DGTH×JTGPNCUUGPUQNNVG&KG0KVTQITWRRGYKTFFGUJCND\WP…EJUV\WO#OKPTGFW\KGTV
5VCVVFGT2TQ\GFWTXQP#0&4’95\WHQNIGPGKPGT*[FTKGTWPIKP/GVJCPQNDGKu%
WPFCVO&TWEMOKV4CPG[0KEMGNCNU-CVCN[UCVQTYWTFGGKPGFTWEMNQUG*[FTKGTWPI
KP 0CVTKWOJ[FTQZKFNÑUWPI OKV 2CNNCFKWO CWH #MVKXMQJNG CNU -CVCN[UCVQT DGK
4CWOVGORGTCVWTXQTIGPQOOGP0CEJFGT*[FTKGTWPIYKTFFGT-CVCN[UCVQTCDHKNVTKGTV
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Abb. 28: Hydrierung der Nitrogruppe
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Abb. 29: Schutz der Aminofunktion als N-Acetylaminogruppe 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PKGFTKIGTGT6GORGTCVWTCNUDGKO4KPIUEJNWUU\WTPKEJVUWDUVKVWKGTVGP+PFCPQPECTDQP
U…WTG&KG#WUDGWVGCPKUVOKV\WHTKGFGPUVGNNGPF
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Abb. 30: Intramolekulare Friedel-Crafts-Acylierung von 
(×TFKG&KC\QVKGTWPIFGU#OKPUWPFFGT6TCPUHQTOCVKQP\WO#\KFOWUU\WP…EJUV
FKG5EJWV\ITWRRGUCWGTGPVHGTPVYGTFGP&CU#OKPYKTFFCPCEJKP(NWQTQDQTU…WTG
IGNÑUV WPF WPVGT -×JNWPI FWTEJ <WICDG XQP Y…UUTKIGT 0C01.ÑUWPI FKC\QVKGTV
0CEJ MWT\GO 4×JTGP YKTF Y…UUTKIG 0C0.ÑUWPI \WIGVTQRHV WPF WPVGT
5VKEMUVQHHGPVYKEMNWPIDKNFGVUKEJFCU#\KF&KGFTGK4GCMVKQPUUEJTKVVGIGNKPIGPOKV
GKPGT)GUCOVCWUDGWVGXQP
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Abb. 31: Synthese der Azidofunktion
&KG -WRRNWPI OKV FGO .+UQNGWEKPOGVJ[NGUVGT IGNKPIV PCEJ GKPGO 2TQVQMQNN XQP
-47// KP 6*( OKV *1$6 &%% WPF 0’VJ[NOQTRJQNKP CNU $CUG &KG #WUDGWVG
FKGUGT4GCMVKQPNKGIVDGK
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Abb. 32: Knüpfung der Amidbindung zwischen  und dem Isoleucinmethylester
&WTEJ FKGUG UKGDGP 4GCMVKQPUUEJTKVVG GTJ…NV OCP FGP MCNVGP  RQVGPVKGNNGP
2JQVQCHHKPKV…VUOCTMGT  KP GKPGT IWVGP )GUCOVCWUDGWVG XQP  &KG 5WDUVCP\
GTYGKUVUKEJKO&WPMGNPWPFHGUVGP<WUVCPFCNUUGJTUVCDKN&KG)GUCOVTGCMVKQPKUVKP
#DD\WUCOOGPIGHC†V
7OFKG ’KIPWPI FKGUGT PGWGP8GTDKPFWPI CNU 2JQVQCHHKPKV…VUOCTMGT UKEJGT\WUVGNNGP
O×UUGPXGTUEJKGFGPG’KIGPUEJCHVGPIGVGUVGVYGTFGP<WP…EJUVOWUUOCPUKEJGTUVGNNGP
FCUU FKG PGWG8GTDKPFWPI CWEJYKTMNKEJOKV FGP INGKEJGP4G\GRVQTGP D\YOKV FGP
INGKEJGP $KPFGRTQVGKPGPYKG ,# WPF%QTQPCVKPYGEJUGNYKTMV CNUQ QD FGT/CTMGT KP
FGT2HNCP\GCWEJFKGINGKEJGDKQNQIKUEJG#MVKXKV…V\GKIVYKGFGT1TKIKPCNNKICPF
<WFGO KUV \W \GKIGP FCUU FKG RJQVQNCDKNG )TWRRG DGK $GUVTCJNWPI OKV 78.KEJV
\GTH…NNVWPFGKPTGCMVKXGU+PVGTOGFKCVDKNFGVYGNEJGUFCPPOKVFGP4G\GRVQTTGCIKGTV
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Abb. 33: Gesamtreaktionssequenz zum 6-Azido-4-indanoyl-L-Isoleucinmethylester 
3.1.4 Test der biologischen Aktivität
+PFGT’KPNGKVWPIYWTFGPXKGNG$GKURKGNGH×TFKGDKQNQIKUEJG9KTMWPIXQP%QTQPCVKP
WPF,CUOQPU…WTGCWH2HNCP\GPCWHIGH×JTV#WHITWPFFGUWDKSWKV…TGP8QTMQOOGPU
XQP,#UQNNVGFGUJCNDGKPG9KTMWPIKPXKGNGPWPVGTUEJKGFNKEJGPDKQNQIKUEJGP5[UVGOGP
\WDGQDCEJVGPUGKP
 ’XIWVWRII%LRV\QWKHVH
9KG UEJQP KP FGT ’KPNGKVWPI DGUEJTKGDGP \GKIV FKG .KOCDQJPG GKP CWUIGURTQEJGP
MQORNGZGU&WHVOWUVGTFGUUGP<WUCOOGPUGV\WPIFWTEJFGP’NKEKVQTDGUVKOOVYKTF
&KG PGWG 8GTDKPFWPI UQNNVG GKP &WHVURGMVTWO CWHYGKUGP FCU FGO PCEJ FGT
’NKEKVKGTWPI OKV %QTQPCVKP 
 D\Y OKV FGO +PFCPQ[N.+NUQNGWEKPOGVJ[NGUVGT 

GPVURTKEJV &CU)%2TQHKN FGU &WHVGU PCEJ ’NKEKVKGTWPIOKV GKPGT .ÑUWPI FGU #\KFQ
+PFCPQ[N.+UQNGWEKPOGVJ[NGUVGTU 
 KUV KP #DD  IG\GKIV &CDGK YWTFGP
.KOCDQJPGPRHNCP\GPOKV\YGKXQNNCWUIGDKNFGVGP$N…VVGTPCDIGUEJPKVVGPWPFKPGKPGO
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’ZUKMMCVQT KPGKPGY…UUTKIG.ÑUWPIFGU’NKEKVQTUIGUVGNNVflDGT5VWPFGPYWTFGFGT
GOKVVKGTVG&WHVCPGKPGO#MVKXMQJNGHKNVGTIGUCOOGNV&KG&WHVUVQHHGYWTFGPOKVGKPGT
MNGKPGP /GPIG &KEJNQTOGVJCP GNWKGTV WPF OKVVGNU )%/5 CPCN[UKGTV $TQOFGECP

µ/FKGPVGFCDGKCNUKPVGTPGT5VCPFCTF
UKGJG#PJCPI
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Abb. 34: Duftspektrum der Limabohne nach Elicitierung mit  (IS= interner Standard)
&CU %JTQOCVQITCOO \GKIV CNNG 8GTDKPFWPIGP FKG H×T OKV ,CUOQPU…WTG KPFW\KGTVGP
&WHV V[RKUEJ UKPF1EKOGP.KPCNQQN%*%*1 +PFQN WPF%CT[QRJ[NNGP&C\W
MQOOGP JKGT PQEJYKG CWEJ DGKO%QTQPCVKP FKG DGKFGP*QOQVGTRGPG&/06WPF
6/66WPF/GVJ[NUCNKE[NCV
4GKPSWCNKVCVKXYKTFFWTEJFGP8GTINGKEJFGTFTGK%JTQOCVQITCOOG
#DD
#DD   #DD  FGWVNKEJ FCUU UKEJ FGT %QTQPCVKPEJCTCMVGT FGU &WHVGU FWTEJ
’KPH×JTWPIFGU#\KFUIGIGP×DGTFGO&WHVRTQHKNPCEJ’NKEKVKGTWPIOKV GTJÑJVJCV
&KG *QOQVGTRGPG WPF /G5# JCDGP FGWVNKEJ \WIGPQOOGP WPF FCU 8GTJ…NVPKU
\YKUEJGPFGOFWTEJ,#KPFW\KGTVGP&WHVOWUVGTWPFFGO#NCOGVJKEKP5VTGUU/WUVGT
KUV KFGPVKUEJ OKV FGO KO %QTQPCVKP&WHV +PUIGUCOV KUV CNNGTFKPIU FKG /GPIG FGT
&WHVUVQHHG IGTKPIGTYCUOCPFWTEJ8GTINGKEJ FGT KPVGTPGP 5VCPFCTFU 
+5 HGUVUVGNNGP
MCPP
&GT5WDUVKVWGPVCPFGT2QUKVKQPKUVH×TFGP7PVGTUEJKGF\YKUEJGP,#WPF%QTQPCVKP
/KOKM XGTCPVYQTVNKEJ *KGT UEJGKPV GKPG GNGOGPVCTG 5VGNNG H×T FKG 5VGWGTWPI FGT
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9KTMWPIFGU’NKEKVQTU\W NKGIGP9GKVGTG7PVGTUWEJWPIGP KPFKGUGO<WUCOOGPJCPI
YGTFGPKP-CRKVGNGTN…WVGTV
&KG 6CVUCEJG FCUU FKG RJQVQNCDKNG )TWRRG UGNDUV GKPGP UQ ITQ†GP ’KPHNWUU CWH FKG
DKQNQIKUEJG#MVKXKV…VJCVOCEJV*QHHPWPIFCUUFGT2JQVQCHHKPKV…VUOCTMGT
UGJTVKGH
KPFGT4G\GRVQTVCUEJGUKV\VWPFUQOKVPCEJFGT/CTMKGTWPICWEJGPVURTGEJGPFIGPCWG
+PHQTOCVKQPGP×DGTFKGUGU<GPVTWOIGYQPPGPYGTFGPMÑPPGP
 5DQNHQNUPPXQJ˜WHQGULOFRLOLQJ‡
’KP \YGKVGT $KQCUUC[ FGT CP FKGUGT 5VGNNG FKG DKQNQIKUEJG #MVKXKV…V FGU /CTMGTU
FGWVNKEJ OCEJGP UQNN KUV FCU UEJQP KP FGT ’KPNGKVWPI GTY…JPVG VGPFTKN EQKNKPI

4CPMGPMT×OOWPI$T[QPKCFKQKEC
<CWPT×DG#DDDGPWV\VKJTG4CPMGPWOUKEJ
CP <…WPGP $×UEJGP QFGT $…WOGP HGUV\WJCNVGP $GT×JTV GKPG UQNEJG 4CPMG GKPGP
)GIGPUVCPF UQ YKTF FKGUGT OGEJCPKUEJG 4GK\ YGKVGTIGNGKVGV WPF NÑUV GKPGP
#WZKPVTCPURQTV KPFKGIGIGP×DGTNKGIGPFG5GKVGFGT4CPMGCWU&KGUGY…EJUVFCFWTEJ
UEJPGNNGTCNUFKGCPFGTG5GKVG+PPGTJCNDYGPKIGT5VWPFGPKUVFKG4CPMGURKTCNKUKGTVWPF
JCVUKEJWOFGP)GIGPUVCPFIGYKEMGNV
Abb. 35: %U\RQLDGLRLFD (Zaunrübe) mit Ranken
&GTOGEJCPKUEJG4GK\FGT$GT×JTWPIMCPPCWEJFWTEJEJGOKUEJG’NKEKVQTGPCWUIGNÑUV
YGTFGP
#DD&C\WYKTFFKG4CPMGCDIGUEJPKVVGPWPFKPGKPG.ÑUWPIFGU’NKEKVQTU
IGUVGNNV8GTINGKEJVOCPPCEJGKPKIGP5VWPFGPFKG4CPMGPMT×OOWPIFGT2TQDGPOKV
FGT FGT -QPVTQNNGP UQ \GKIV FKGUGT #UUC[ 5RKTCNKUKGTWPI OKV ,CUOQPU…WTG  DGK
-QP\GPVTCVKQPGPXQPO/WPFJÑJGT(×T%QTQPCVKPUKPF-QP\GPVTCVKQPGPXQP
µ/CWUTGKEJGPF
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+P #DD  UKPF FKG ’HHGMVG PCEJ #RRNKMCVKQP XGTUEJKGFGPGT -QP\GPVTCVKQPGP FGU
#\KFQKPFCPQ[N.+UQNGWEKPOGVJ[NGUVGTU 
 KO 8GTINGKEJ \W GKPGT ,CUOQPU…WTG
2QUKVKX-QPVTQNNGWPFGKPGT9CUUGT0GICVKX-QPVTQNNGIG\GKIV
 
Abb. 36: Rankenkrümmung bei %U\RQLD GLRLFD in Wasser, in Lösungen mit verschiedenen
Konzentrationen von  und in Jasmonsäurelösung
&KG .GGTRTQDG \GKIV MGKPG 4GCMVKQP &KG DGKFGP JÑJGTGP -QP\GPVTCVKQPGP FGT
’NKEKVQTNÑUWPIGPUQYKGFKG,CUOQPU…WTGNÑUWPIH×JTGP\WGKPGTUVCTMGP5RKTCNKUKGTWPI
&KGUGJTUEJYCEJG4CPMGPMT×OOWPIDGKµ/FGWVGVFCTCWHFCUUKPFKGUGO$GTGKEJ
FKG )TGP\MQP\GPVTCVKQP NKGIV FKG \WT #WUNÑUWPI FGT 4GCMVKQP DGK FGT 4CPMG
PQVYGPFKI KUV &KGUG NKGIV WO FGP (CMVQT  DKU  WPVGTJCND FGT XQP ,CUOQPU…WTG
LGFQEJKOOGTPQEJDKUHCEJJÑJGTCNUFKGXQP%QTQPCVKP
#WEJKPFKGUGO$KQCUUC[\GKIVUKEJYKGFGTGKP…JPNKEJGU’TIGDPKUYKGDGKO&WHVCUUC[
%QTQPCVKPYKTMV UEJQP KP FGWVNKEJ IGTKPIGTGP-QP\GPVTCVKQPGP CNU ,CUOQPU…WTG &CU
MÑPPVG FCTCP NKGIGP FCUU %QTQPCVKP OKV GKPGO RQVGPVKGNNGP 4G\GRVQT QFGT
$KPFGRTQVGKPGKPGDGUUGTG9GEJUGNYKTMWPICWUDKNFGPMCPP&GT2JQVQCHHKPKV…VUOCTMGT
NKGIVKPUGKPGT#MVKXKV…VYKGFGTWO\YKUEJGPFGPDGKFGP0CVWTUVQHHGP
 *HQH[SUHVVLRQYRQ-,3LQ*HUVWHQEOlWWHUQ
)GTUVGRTQFW\KGTVPCEJ8GTYWPFWPIQFGTPCEJ’NKEKVKGTWPIOKV,CUOQPCVGPGKPGICP\G
4GKJGPGWGT2TQVGKPG’KPGUFGTITÑ†VGPFCU ,+2 
LCOQPCVGKPFWEKDNGRTQVGKPYWTFG
KFGPVKHK\KGTVWPFFCU)GPUGSWGP\KGTV#NNGTFKPIUKUVUGKPG(WPMVKQPPQEJWPDGMCPPV
’U KUV LGFQEJ CP\WPGJOGP FCUU FKG ,+2U GKPG YKEJVKIG 4QNNG DGK OKMTQDKGNNGP
+PHGMVKQPGPURKGNGPUQKUV,+2\$GKP$NCVV6JKQPKPOKVJQJGT(WPIK\KV…V
H2O 20µM 50µM 100µM JA (2mM)
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+P HT×JGTGP 8GTUWEJGP YWTFG DGTGKVU FKG #MVKXKGTWPI FGT )GPGZRTGUUKQP H×T FCU
2TQVGKP ,+2  FWTEJ +PFCPQPG IGVGUVGV &KGU IGUEJCJ YKG CWEJ DGKO #\KF KP
-QQRGTCVKQPOKV9#56’40#%-XQO+2$KP*CNNG
&KGUGT $KQCUUC[ KUV DGUQPFGTU YKEJVKI WO UKEJGT\WUVGNNGP FCUU FGT PGWG
2JQVQCHHKPKV…VUOCTMGTCWEJYKTMNKEJSWCNKVCVKXFKGDKQNQIKUEJG#MVKXKV…VFGU%QTQPCVKPU
KOKVKGTGPMCPPFGPPFKGDKUJGTKIGP+PFCPQP-QPLWICVG
\$\GKIVGPKO)GIGPUCV\
\W,#/G,#WPF%QTQPCVKPMGKPG’ZRTGUUKQPXQP,+2
Abb. 37: Northernblot der JIP 23 Genexpression nach 24 h an Gerste mit Azidoindanon-
Isoleucinmethylester  als Elicitor.
+O )GIGPUCV\ \W FKGUGP DKUJGTKIGP ’TIGDPKUUGP YKTF KO 0QTVJGTPDNQV PCEJ
’NKEKVKGTWPIOKVFGT#\KFQ8GTDKPFWPI 
µ/GKPGFGWVNKEJG$CPFGFGTO40#
XQP,+2DGQDCEJVGV’UKUVCWEJ\WGTMGPPGPFCUU,#KPFKGUGO#UUC[CMVKXGTKUV,#
\GKIV UEJQP DGK µ/ GKPG FGWVNKEJ UV…TMGTG ’ZRTGUUKQP (×T %QTQPCVKP UKPF UEJQP
-QP\GPVTCVKQPGP XQP µ/ CWUTGKEJGPF WO GKPG GPVURTGEJGPFG ’ZRTGUUKQP \W
KPFW\KGTGP
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&CU#\KF
\GKIVKPFKGUGOUGJTGORHKPFNKEJGP6GUVDKQNQIKUEJG#MVKXKV…V&KGUGKUV
\YCTFGWVNKEJIGTKPIGTCNUFKGFGU%QTQPCVKPU
CDGTJKGTYKTFYKGFGTFGWVNKEJFCUU
FWTEJ ’KPH×JTWPI FGU #\KFU CP FKG +PFCPQP.GKVUVTWMVWT  FKG UVTWMVWTGNNG
JPNKEJMGKV\W%QTQPCVKPWPFUQOKVFKGDKQNQIKUEJG#MVKXKV…VUVCTMGTJÑJVYWTFG
3.1.5 Photolyse und Ausbildung eines reaktiven Intermediates
9KG UEJQP KP -CRKVGN  IG\GKIV YWTFG JCDGP FKG #T[NC\KFG XGTUEJKGFGPG
/ÑINKEJMGKVGPPCEJ$GUVTCJNGPOKV78.KEJV\W\GTHCNNGPWPFOKVGKPGO4G\GRVQT\W
TGCIKGTGP &KG 5WDUVKVWGPVGP CO #TQOCVGP DGGKPHNWUUGP FCDGK FKG RJQVQEJGOKUEJG
4GCMVKQP WPF RT…IGP FKG 4GCMVKXKV…V FGU IGDKNFGVGP +PVGTOGFKCVGU &CU XGTGKPHCEJVG
5EJGOC 
#DD  \GKIV FKG WPVGTUEJKGFNKEJGP 4GCMVKQPUOÑINKEJMGKVGP FGU 5KPIWNGVV
0KVTGPUPCEJ$GUVTCJNWPIFGU#\KFUWPFFGT#DURCNVWPIXQP5VKEMUVQHH
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Abb. 38: Ausbildung des Singulett-Nitrens  aus dem Azid  nach Bestrahlen mit UV-Licht
&CU5KPIWNGVV0KVTGPTGCIKGTV KPGKPGTWPURG\KHKUEJGP’KPUEJWDTGCMVKQPOKVDGNKGDKIGP
#OKPQU…WTGP QFGT OKV FGO .ÑUWPIUOKVVGN &CU &KFGJ[FTQC\GRKP TGCIKGTV FCIGIGP
PWTOKVIGGKIPGVGP0WENGQRJKNGP\$%[UVGKPWPF*KUVKFKPUGKVGPMGVVGP*…WHKIUKPF
#OKPQU…WTGP OKV *[FTQZ[NITWRRGP QFGT RTQVQPKGTVGP 5GKVGPMGVVGP YKG .[UKP PKEJV
PWENGQRJKNIGPWI&KG4CFKMCNEJGOKGFGU6TKRNGVV0KVTGPU KUVPKEJVIWVXQTCWUUCIDCT
&KG#TVFGU TGCMVKXGP +PVGTOGFKCVU URKGNV UQOKV GKPGYKEJVKIG4QNNG \WO8GTUV…PFPKU
FGT 2JQVQEJGOKG FGU /CTMGTU ’U KUV FGUJCND P×V\NKEJ \W YKUUGP YGNEJG TGCMVKXG
5RG\KGU UKEJ XQTYKGIGPF DKNFGV <WFGO OWUU OCP \GKIGP FCUU FGT
2JQVQCHHKPKV…VUOCTMGT YKTMNKEJ GKPG MQXCNGPVG $KPFWPI OKV GKPGO <KGNOQNGM×N
CWUDKNFGPMCPPYGPPGTDGUVTCJNVYKTF
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Abb. 39: Mechanistische Alternativen der Kupplung von Arylnitrenen an biologische
Rezeptoren.65 ISC: ,QWHUV\VWHP&URVVLQJ
(×T FKGUGP 8GTUWEJ YWTFG  KP 6*( IGNÑUV 
O/ WPF OKV GKPGO HCEJGP
flDGTUEJWUU CP &KKUQRTQR[NCOKP XGTUGV\V &CU #OKP UQNNVG CNU 0WENGQRJKN HWPIKGTGP
WPFFCU+PVGTOGFKCVCDHCPIGP&KG/KUEJWPIYWTFG5VWPFGPOKV78.KEJVDGUVTCJNV
WPFFKG2TQFWMVGCPUEJNKG†GPFCPCN[UKGTV
&CU*CWRVRTQFWMVFGT2JQVQTGCMVKQP
EC KUVGKPUFGTDGKFGP/QNGM×NGQFGT
 
#DD  #WHITWPF FGT )GQOGVTKG FGT OÑINKEJGP 2TQFWMVG UKPF FKG DGKFGP
/QNGM×NGWPFKO0/4PKEJV\WWPVGTUEJGKFGP
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Abb. 40: Hauptprodukte (, ) der Reaktion von  in THF in Gegenwart von Diisopropylamin
&GT 8GTUWEJ \GKIV FCUU GKP ITQ†GT 6GKN FGU 5KPIWNGVV0KVTGPU ×DGT FCU
&KFGJ[FTQC\GRKPCDTGCIKGTV’UKUVUQOKVCP\WPGJOGPFCUUFGT2JQVQCHHKPKV…VUOCTMGT

DGXQT\WIVOKVPWENGQRJKNGP#OKPQU…WTGPFGU4G\GRVQTUTGCIKGTGPYKTF
3.1.6 Bestimmung der Reaktionsordnung bei Zerfall
/KV GKPGO …JPNKEJGP 8GTUWEJUCWHDCW YWTFG FKG 4GCMVKQPUQTFPWPI FGU
NKEJVKPFW\KGTVGP <GTHCNNU FGU #\KFU WPVGTUWEJV9KGFGT YWTFG FCU #\KF 
 KP 6*(

O/IGNÑUVWPFOKVGKPGOHCEJGPflDGTUEJWUUCP&KKUQRTQR[NCOKPXGTUGV\V&KG
2JQVQN[UGOKVYGPKI KPVGPUKXGO78.KEJV 
9POYWTFGFKGUOCN KP GKPGT78
-×XGVVG 
F EO XQTIGPQOOGP&KG .ÑUWPIYWTFG \W XGTUEJKGFGPGP <GKVRWPMVGP
PCEJ$GIKPPFGT$GUVTCJNWPICO785RGMVTQOGVGTXGTOGUUGP
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
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Abb. 41: UV-Spektren des Reaktionsgemisches von  und Diisopropylamin nach
unterschiedlichen Belichtungszeiten
6T…IVOCPFKG<WPCJOGFGT#DUQTRVKQPFGU%JTQOQRJQTU=∆#?IGIGPFKG<GKVCWHUQ
GTJ…NV OCP GKPG -WTXG 
#DD  CWU FGT OCP FKG *CNDYGTVU\GKV WPF FKG
4GCMVKQPUQTFPWPI GTOKVVGNP MCPP 7O FKG (GJNGT FWTEJ #DUQTRVKQP FGU ’FWMVGU
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Abb. 42: Zunahme der Absorption bei 400 nm [∆A] während des Reaktionsverlaufs
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/CPGTJ…NVGKPGPWOIGMGJTVGZRQPGPVKGNNGP8GTNCWH&KGUKUVPWTDGK4GCMVKQPGPGTUVGT
1TFPWPIFGT(CNN&CDGKIKNV
=#?=#?G MV
#WU FGP /GUUYGTVGP GTIKDV UKEJ DGK FKGUGP 4GCMVKQPUDGFKPIWPIGP GKPG
4GCMVKQPUMQPUVCPVGXQPMZUGEWPFFCTCWU×DGTFKG$G\KGJWPI
V
NPM
GKPG*CNDYGTVU\GKVFGU’FWMVGUXQPUGE
#WUFGT6CVUCEJGFCUU GU UKEJWOGKPG4GCMVKQP GTUVGT1TFPWPIJCPFGNV MCPPOCP
CDNGKVGPFCUUGUGKPGKPHCEJGT<GTHCNN KUVFGTPWTXQPFGT-QP\GPVTCVKQPFGU’FWMVGU
DGGKPHNWUUVYKTFWPFMGKPGNCPINGDKIGP<YKUEJGPUVWHGPDGKPJCNVGV
3.1.7 Überprüfung der Reaktionsfähigkeit mit Makromolekülen
0GDGPFGT4GCMVKQPUH…JKIMGKVOKVMNGKPGP0WENGQRJKNGPYKGFGO&KKUQRTQR[NCOKPYCT
CWEJKPVGTGUUCPVQDFGTRQVGPVKGNNG2JQVQCHHKPKV…VUOCTMGTCW†GTFGOOKVPWENGQRJKNGP
5GKVGPMGVVGP XQP 2TQVGKPGP TGCIKGTGP MCPP 7O FKGUG ’KIGPUEJCHV \W ×DGTRT×HGP
YWTFG /[QINQDKP CNU 6GUV2TQVGKP OKV I×PUVKIGP /5’KIGPUEJCHVGP GKPIGUGV\V ’KPG
Y…UUTKIG/[QINQDKPNÑUWPIYWTFGOKVGKPGTY…UUTKIGP.ÑUWPIFGT#\KFQ8GTDKPFWPI

XGTOKUEJVUQFCUUFCU#\KF KOITQ†GPflDGTUEJWUUXQTNCI9KGFGTWOYWTFGFKG
/KUEJWPI DGK PO OKP DGUVTCJNV&CU9CUUGTYWTFG KP XCEWQ GPVHGTPV WPF FKG
2TQDGKO/#.&+61(/5XGTOGUUGP#NU8GTINGKEJYWTFGGKPGKFGPVKUEJDGJCPFGNVG
2TQDGQJPG#\KF\WICDGIGOGUUGP
5RGMVTWOC
#DD\GKIVFKG/GUUWPIFGU/[QINQDKPUOKV5CRKPKPU…WTGCNU/CVTKZ
5RGMVTWOD\GKIVFKG/GUUWPIFGTDGUVTCJNVGP/KUEJWPICWU#\KFWPF2TQVGKP0GDGP
FGO5KIPCNFGU2TQVGKPU
&CUKPFXGTUEJKGFGPGYGKVGTG5KIPCNG\WUGJGPFGTGP
&KHHGTGP\\WO2TQVGKPLGYGKNUGKPGO8KGNHCEJGPFGT/CUUGFGUTGCMVKXGP+PVGTOGFKCVU

&CGPVURTKEJV
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Abb. 43: MALDI-TOF Spektren von a) Myoglobin; b) Myoglobin mit Azid bestrahlt
&KGUG#FFWMVDKNFWPIKUVPCV×TNKEJXÑNNKIWPURG\KHKUEJ5KGMQOOVOÑINKEJGTYGKUGPWT
FCFWTEJ\WUVCPFGFCUUUKEJGKP6GKNFGUKOITQ†GPflDGTUEJWUU\WIGIGDGPGP/CTMGTU
CP J[FTQRJQDG $GTGKEJG FGU 2TQVGKPU CPNCIGTV WPF FCPP FQTV PCEJ $GUVTCJNWPIOKV
FGO/[QINQDKP TGCIKGTV &GPPQEJ GTDTKPIV FKGUGT 8GTUWEJ FGP0CEJYGKU FCUU GKPG
MQXCNGPVG$KPFWPICWEJOKV/CMTQOQNGM×NGPCWUIGDKNFGVYGTFGPMCPP
3.1.8 Fluoreszenz des Zerfallsproduktes
’KP KPVGTGUUCPVGU ’TIGDPKU CWU FGO 8GTUWEJ KP -CRKVGN  KUV FKG UGJT ITQ†G
(NWQTGU\GP\FGU4GCMVKQPURTQFWMVU&CU&KFGJ[FTQC\GRKPOKVFGPEJTQOQRJQTGP
%CTDQP[NITWRRGP
#DDUEJCHHVFKG8QTCWUUGV\WPIH×TFKG(NWQTGU\GP\
a) b)
Myoglobin [M+H]+ (45%)
Myoglobin-Monoaddukt [M+H]+ (34%)
Myoglobin-Bisaddukt [M+H]+ (15%)
Myoglobin-Trisaddukt [M+H]+ (6%)
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Abb. 44: Hauptprodukt des Bestrahlungsversuchs aus Kapitel 3.1.5
5EJQPY…JTGPFFGT4GCMVKQPUMQPVTQNNGOKVVGNU&%H…NNVFKGJGNNDNCWG(NWQTGU\GP\FGU
2TQFWMVGU CWH &KG GPVURTGEJGPFG (NWQTGU\GP\OGUUWPI \GKIV GKPG UVCTMG #DUQTRVKQP
DGKPOWPFGKPG’OKUUKQPWOFKGPO
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Abb. 45: Fluoreszenzspektrum  Ex:375 Em: 486 in Acetonitril
’U UVGNNVG UKEJ FKG (TCIG QDOCP FKG UVCTMG (NWQTGU\GP\ PKEJV \WT&GVGMVKQP DGK FGT
2JQVQCHHKPKV…VUOCTMKGTWPI PWV\GP MCPP &KG &GVGMVKQP OKVVGNU (NWQTGU\GP\ UVCVV
4CFKQCMVKXKV…V Y…TG \YCTYGPKIGT GORHKPFNKEJ CDGT FGWVNKEJ GKPHCEJGT DKNNKIGT WPF
Y×TFGMGKPG5[PVJGUGOKVTCFKQCMVKXGP8QTUVWHGPGTHQTFGTP
7O FKGUG /ÑINKEJMGKV \W ×DGTRT×HGP YWTFG FCU OCTMKGTVG  /[QINQDKP CWU FGO
8GTUWEJ KP -CRKVGN  
5GKVG  OKV GKPGO (NWQTGU\GP\OKMTQUMQR CWH UGKPG
(NWQTGU\GP\ IGVGUVGV 9…JTGPF PQTOCNGU /[QINQDKP DGK #PTGIWPI OKV 78.KEJV
\YKUEJGPWPFPOMGKPG(NWQTGU\GP\\GKIVMQPPVGOCPDGKO/[QINQDKP#\KF
#FFWMVGKPFGWVNKEJGUDN…WNKEJGU.GWEJVGPDGQDCEJVGP
#DD
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Abb. 46: Fluoreszenzmikroskopaufnahmen (links: Hellfeld, rechts: Fluoreszenz)
7O CWU\WUEJNKG†GP FCUU GU UKEJ DGK FKGUGT (NWQTGU\GP\ WO #TVGHCMVG GKPIGNCIGTVGT
/CTMGTJCPFGNVFKGPKEJVMQXCNGPVCPFCU2TQVGKPIGDWPFGPUKPFYWTFGFCU2TQFWMV
CWU /[QINQDKP WPF #\KF PCEJ FGT $GUVTCJNWPI OKVVGNU 42*2.% WPF GKPGO
(NWQTGU\GP\&GVGMVQTWPVGTUWEJV
#DD
45.037.545.037.5 min min
Abb. 47: HPLC-Chromatogramme von a) Myoglobin und b) Myoglobin mit Azid bestrahlt.
schwarz: UV 214 nm; grau: Fluoreszenz Em 375 nm Ex 484 nm (Bedingungen siehe Seite 100)
+O %JTQOCVQITCOO C KUV TGKPGU /[QINQDKP XGTOGUUGP YQTFGP WPF GU KUV MGKPG
(NWQTGU\GP\\WGTMGPPGP$GKDFCIGIGP KUVFGT782GCM UGJTXKGN DTGKVGTWPFOCP
UKGJVGKPGUVCTMG(NWQTGU\GP\FKG\GKVNKEJXGTUGV\VKJT/CZKOWOJCV&KGUGU/CZKOWO
KUVWOECOKPXGTUEJQDGPWPFUQOKVPKEJVOKVFGO.GGTXQNWOGP\YKUEJGP78WPF
(NWQTGU\GP\FGVGMVQT \W GTMN…TGP &KG 9KGFGTJQNWPI FKGUGU ’ZRGTKOGPVU OKVVGNU
.%/5DTCEJVGFKGPÑVKIG’TMN…TWPI
a) b)
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9…JTGPF FCU .%/52TQHKN H×T TGKPGU /[QINQDKP YKGFGT PWT GKPGP UEJOCNGP 2GCM
\GKIVMCPPOCPDGKODGUVTCJNVGP)GOKUEJGTPGWVFKGXGTDTGKVGTVG2GCMHQTOGTMGPPGP

#DDFKGDGKFKGUGP%JTQOCVQITCRJKGDGFKPIWPIGPUQICTGKP\GNPG5EJWNVGTP\GKIV
#PCN[UKGTV OCP FCU 5KIPCN IGPCWGT UQ GTMGPPV OCP FCUU GU CWU OKPFGUVGPU H×PH
XGTUEJKGFGPGP2TQFWMVGP\WUCOOGPIGUGV\VKUVFGTGP8GTJ…NVPKUKPGVYCOKVFGOFGT
/CTMGTCFFWMVGFGU/#.&+61(’ZRGTKOGPVUMQTTGNKGTV+OHT×JGP$GTGKEJFGU2GCMU

#DD KUVPWT/[QINQDKP\WFGVGMVKGTGP +OYGKVGTGP<GKVXGTNCWH UEJNKG†GP UKEJ
FKG$GTGKEJGFGTXGTUEJKGFGPGP/[QINQDKP#\KF#FFWMVG
CPFKGUKEJIGIGPUGKVKI
UVCTM ×DGTNCRRGP &KGUG 6CVUCEJG OCEJV FKG IGPCWG #PCN[UG MQORNK\KGTV FC FKG
/CUUGP CWU FGP OGJTHCEJ IGNCFGPGP +QPGP FGT 2TQVGKPG FWTEJ &GMQPXQNWVKQP
\WT×EMIGTGEJPGV YGTFGP O×UUGP &KG UEJGOCVKUEJG &CTUVGNNWPI \GKIV FKG WPIGH…JTG
8GTVGKNWPIFGT#FFWMVGKO2GCM
#DD
&KGUG8GTVGKNWPIGTMN…TV\WOGKPGPFKG8GTUEJKGDWPIFGT(NWQTGU\GP\WODKU\WFTGK
/KPWVGPCDGTCWEJFKG+PVGPUKV…VFGT(NWQTGU\GP\+OJKPVGTGP$GTGKEJFGU2GCMUKUVUKG
COITÑ†VGPFCUKEJJKGTFTGKWPFOGJT(NWQTQRJQTGCO/[QINQDKPDGHKPFGP
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Abb. 48: Schematische Darstellung der Verteilung der verschiedenen Markeraddukte (1-4) am
Myoglobin (0) im Peak.
&KGUGT 8GTUWEJ \GKIV FCUU FKG DGQDCEJVGVG (NWQTGU\GP\ FGU /[QINQDKPU VCVU…EJNKEJ
FWTEJ FKG /CTMGTCFFWMVG \WUVCPFG MQOOV WPF FCUU FCFWTEJ FKG &GVGMVKQP UGJT
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IGTKPIGT/GPIGP2TQVGKPUOÑINKEJKUV’UKUVCNNFGTKPIU\W×DGTRT×HGPQDFKGGPQTOG
5VGKIGTWPI FGT &GVGMVKQPUGORHKPFNKEJMGKV WO GKPGP (CMVQT   KO 8GTINGKEJ \WO
78&GVGMVQTYKTMNKEJCWUTGKEJVWOFKGUG/GVJQFGDGKFGT2JQVQCHHKPKV…VUOCTMKGTWPI
\WPWV\GP
 &RURQDWLQ$QDORJD
3.2.1 Bedeutung und Nutzen
%QTQPCVKP 
 JCV KP FGP XGTICPIGPGP ,CJTGP KOOGT YKGFGT FCU +PVGTGUUG CWH UKEJ
IG\QIGPFCGUFKGDKQNQIKUEJG#MVKXKV…VFGU\GPVTCNGP5KIPCNOQNGM×NU,CUOQPU…WTG

PCEJCJOGP MCPP 0GDGP %QTQPCVKP JCDGP UKEJ CWEJ CPFGTG #OKPQU…WTGMQPLWICVG
XQP%(# 
 KPUDGUQPFGTGOKV0QTEQTQPCOU…WTG .+UQNGWEKPWPF .8CNKP KUQNKGTGP
NCUUGPWPFDKQNQIKUEJG#MVKXKV…VIG\GKIV%QTQPCVKPKPFW\KGTVKPJÑJGTGP2HNCP\GPGKP
YGKVGU 5RGMVTWO XQP #PVYQTVGP FKHHWUG %JNQTQUG 4CPMGPMT×OOWPI CP $T[QPKC
FKQKEC ’OKUUKQP XQP ’VJ[NGP WPF FKG $KQU[PVJGUG XQP 6GTRGPQKFGP WPF CPFGTGP
&WHVUVQHHGP
1DYQJNGKPKIG2HNCP\GPU[UVGOGPCEJ$GJCPFNWPIOKV%QTQPCVKP
12&#
WPF
,CUOQPU…WTG 
 7PVGTUEJKGFG \GKIGP UEJGKPV %QTQPCVKP IGPGTGNN FKG9KTMWPI FGT
DKQNQIKUEJCMVKXGP5WDUVCP\GPFGU1EVCFGECPQKFYGIUPCEJ\WCJOGP&CDGKKUVH×TFKG
#PYGPFWPI DGUQPFGTU KPVGTGUUCPV FCUU %QTQPCVKP KP FGP OGKUVGP #UUC[U GKPG
FGWVNKEJJÑJGTG#MVKXKV…V\GKIVCNUFKG2HNCP\GPJQTOQPGUGNDUV
&KGUG ’KIGPUEJCHVOCEJV%QTQPCVKP \W GKPGOYKEJVKIGP9GTM\GWI WOFKG9KTMWPI
FGT 1EVCFGECPQKFG \W UVWFKGTGP WPF CNNIGOGKP FGP 5GMWPF…TUVQHHYGEJUGN XQP
2HNCP\GP \W CMVKXKGTGP $GKURKGNUYGKUG UVKOWNKGTV %QTQPCVKP FKG 2TQFWMVKQP FGU
CPVKVWOQTCMVKXGP 2CENKVCZGN 
6CZQNl KP <GNNMWNVWTGP XQP6CZWUOGFKC FGWVNKEJ DGUUGT
CNU,CUOQPU…WTGQFGT/GVJ[NLCUOQPCV
5QNEJG 8GTDGUUGTWPIGP FGT 9GTVUVQHHRTQFWMVKQP CWU 2HNCP\GP JCDGP GKPG ITQ†G
YKTVUEJCHVNKEJG WPF YKUUGPUEJCHVNKEJG $GFGWVWPI &CTCWU GTIKDV UKEJ GKP $GFCTH H×T
ITQ†G/GPIGPFKGUGUJQEJGHHGMVKXGP’NKEKVQTUFGUUGP)GYKPPWPIDKUJGTCWUUEJNKG†NKEJ
×DGT FKG ’ZVTCMVKQP XQP $CMVGTKGPMWNVWT×DGTUV…PFGP IGNKPIV ’KPG GHHK\KGPVG
5[PVJGUGOGVJQFG OKV JQJGP #WUDGWVGP Y…TG UGJT Y×PUEJGPUYGTV WO GKPGP
GKPHCEJGP<WICPI\W%QTQPCVKP
QFGTCPCNQIGP%(#-QPLWICVGP\WDGMQOOGP
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3.2.2 Synthesen von Coronafacinsäure
$KUJGT IKDV GU \WT &CTUVGNNWPI FGT %QTQPCHCEKPU…WTG 
 GVYC  5[PVJGUGP FKG
RTKP\KRKGNN GKPGT XQP FTGK WPVGTUEJKGFNKEJGP 5[PVJGUGUVTCVGIKGP HQNIGP %(# YWTFG
FWTEJ KPVGT WPF KPVTCOQNGMWNCTG &KGNU#NFGT4GCMVKQPGP KPVTCOQNGMWNCTGP
4KPIUEJNWUU XQP %CTDQP[NXGTDKPFWPIGP QFGT FWTEJ 5RCNVWPI XQP VTKE[ENKUEJGP
8QTUVWHGPU[PVJGVKUKGTV
#DD-GKPGFGTDKUJGTRWDNK\KGTVGP5[PVJGUGPKUVKPFGT
.CIGITQ†G/GPIGPFGT%QTQPCHCEKPU…WTGQFGTXGTYCPFVGT8GTDKPFWPIGPKPYGPKIGP
5VWHGPWPFJQJGT#WUDGWVG\WNKGHGTP
&KG 2TQDNGOCVKM NKGIV QHHGPUKEJVNKEJ KP FGT CWHYGPFKIGP 5[PVJGUG FGT XGTUEJKGFGPGP
5VGTGQ\GPVTGPFGT%(# 
$KUJGTJCVGUCW†GTFGP +PFCPQPMQPLWICVGPXQP-47//
WPFGKPKIGP&GTKXCVGPXQP$.’%*’46MGKPGYGKVGTGPGTHQNITGKEJGP8GTUWEJGIGIGDGP
FKG DKQNQIKUEJG 9KTMWPI XQP %QTQPCVKP FWTEJ GKPG UVTWMVWTGNN …JPNKEJG WPF
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Abb. 49: Coronatin  und 6-Ethylindanoyl-Isoleucinmethylester 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Abb. 50: Schematische Darstellung verschiedener synthetischer Zugänge zur CFA. a) inter- und
intramolekulare Diels-Alder-Reaktionen;81 b) intramolekularer Ringschluss von
Carbonylverbindungen;83 c) Spaltung von tricyclischen Vorstufen.85
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Abb. 51: Verworfene Syntheseroute zur Ethylindanoncarbonsäure
9GKN CWEJ CPFGTG /GVJQFGP FGP #TQOCVGP CP FGT 2QUKVKQP \W HWPMVKQPCNKUKGTGP
PKEJVGTHQNITGKEJYCTGP
#DDYWTFGPCEJCNVGTPCVKXGP#PU…V\GPIGUWEJV
’KP GHHK\KGPVGT CNVGTPCVKXGT #PUCV\ NKGHGTV PCEJ \YGK 4GCMVKQPUUEJTKVVGP FWTEJ
#E[NKGTWPIXQP6GVTCJ[FTQPCRJVJCNKP
#DDWPFQZKFCVKXG5RCNVWPIFGU#FFWMVU
\W  FCU TKEJVKIG 5WDUVKVWVKQPUOWUVGT CO#TQOCVGP 
#DD  +P )GIGPYCTV XQP
#NWOKPKWOVTKEJNQTKF WPF #EGV[NEJQTKF TGCIKGTV FCU 6GVTCNKP  ×DGT GKPG 4GKJG XQP
<YKUEJGPUVWHGP\WGKPGO&KMGVQP
O O
AlCl3, AcCl
∆
 
Abb. 52: Synthese des Diketons aus Tetrahydronaphthalin 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Abb. 53: Oxidation über ein Triketon  zur Dicarbonsäure 
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Abb. 54: Huang-Minlon-Reaktion zur Reduktion der Acetylgruppe
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Abb. 55: Friedel-Crafts-Acylierung führt zum intramolekularen Ringschluss
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Abb. 56: Amidkupplung zwischen der Ethylindanoncarbonsäure  und L-Isoleucinmethylester
mit HATU  als Hilfsreagenz
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Abb. 57: Übersicht der Gesamtsynthese des Ethylindanoylisoleucinmethylesters 
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Abb. 58: Röntgenkristallstruktur des Coronatinanalogons 
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Abb. 59: Sandwichartige Fixierung der Aromaten zueinander
3.2.5 Biologische Aktivität
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Abb. 60: Duftprofil von 3OXQDWXV nach Inkubation mit dem Coronatinanalogon 
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Abb. 61: Direkter Vergleich zwischen -induziertem und -induziertem Duft
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Tab. 1: Vergleich der Aktivität der Indanon-Konjugate mit Coronatin bei der Rankenkrümmung
von % GLRLFD mit unterschiedlichen Konzentrationen (-: keine Krümmung, +++: vollständige
Spiralisierung)
$GVTCEJVGVOCPFKGDKQNQIKUEJG9KTMWPIFGT5WDUVCP\KPFKGUGO$KQCUUC[FCPPKUV
UKGYKGGTYCTVGVFGWVNKEJITÑ†GT +O8GTINGKEJ\WO&WHVDKQCUUC[DGKFGT.KOCDQJPG
DGK FGOXQT CNNGOFKG SWCNKVCVKXG#PP…JGTWPI CP%QTQPCVKPFWTEJFGP \WU…V\NKEJGP
’VJ[NUWDUVKVWGPVGPFGWVNKEJYWTFGVTKVVKPFKGUGO#UUC[FKGSWCPVKVCVKXG8GTDGUUGTWPI
FGT#MVKXKV…VDGUQPFGTUJGTXQT
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FGTPGWGP’NKEKVQTGPWPGTN…UUNKEJ
&GT \GKVNKEJG 8GTNCWH GPFQIGPGT ,CUOQPU…WTGNGXGN PCEJ #RRNKMCVKQP XQP %QTQPCVKP
WPF FGO WPUWDUVKVWKGTVGP +PFCPQ[N-QPLWICV  DGK 2JCUGQNWU NWPCVWU YWTFG DGTGKVU
HT×JGT IGOGUUGP #W†GT GKPGO HT×JGP XGTNGV\WPIUDGFKPIVGP #PUVKGI XQP ,# PCEJ
#DUEJPGKFGP FGT 2HNCP\G \GKIVG UKEJ MGKPYGKVGTGT ’KPHNWUU CWH FKGUGU 2J[VQJQTOQP
FWTEJDGKFG’NKEKVQTGP#WUFKGUGO)TWPFYWTFGDGKO’VJ[NKPFCPQ[N-QPLWICV
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Abb. 62: Peakflächen entsprechend den endogenen Salicylatleveln nach Elicitierung mit
Ethylindanoyl-Iseucinmethylester 
$GK HT×JGTGP /GUUWPIGP FGT GPFQIGPGP )GJCNVG XQP 5CNKE[NCV ICD GU FCIGIGP
7PVGTUEJKGFG’PVURTGEJGPFFGT’OKUUKQPXQP/GVJ[NUCNKE[NCV OÑINKEJGTYGKUGGKPGT
(QTO FGT ’PVUQTIWPI  H×T ITQ†G 5CNKE[NCVOGPIGP  \GKIV UKEJ DGK
%QTQPCVKPCRRNKMCVKQPGKP#PUVKGIFGTGPFQIGPGP5CNKE[NCVMQP\GPVTCVKQPDGKO+PFCPQP
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 FCIGIGP PKEJV #WU FKGUGO )TWPF YCT FKG 9KTMWPI FGU ’NKEKVQTU  \WT
’KPUEJ…V\WPIFGT%QTQPCVKPCPCNQIKGUGJTYGUGPVNKEJ
9KG UEJQP FWTEJ FCU &WHVRTQHKN CPIGFGWVGV KP FGO ITQ†G /GPIGP /GVJ[NUCNKE[NCV
XQTJCPFGPYCTGP
#DD\GKIVFGT’NKEKVQTGKPGITQ†G9KTMWPICWHFGPGPFQIGPGP
5CNKE[NCVNGXGN 0CEJ UKGDGP 5VWPFGP JCV UKEJ FKG 5CNKE[NU…WTGMQP\GPVTCVKQP KP FGP
$N…VVGTP FGT .KOCDQJPG XGTFTGKHCEJV WPF PCEJ  5VWPFGP XGT\GJPHCEJV &KG
’KIGPUEJCHVGPFGUPGWGP’NKEKVQTUGPVURTGEJGPFCOKVFGWVNKEJOGJTFGO%QTQPCVKP
CNUFGTWPUWDUVKVWKGTVGP8GTDKPFWPI
 *HQH[SUHVVLRQYRQ-,3LQ*HUVWH
#PCNQI \WO 8GTUWEJ OKV FGO 2JQVQCHHKPKV…VUOCTMGT  
5GKVG  YWTFG YKGFGT KP
<WUCOOGPCTDGKVOKV9#56’40#%-CO +2$ KP*CNNGFKG)GPGZRTGUUKQPXQP ,+2 KP
)GTUVGPDN…VVGTPPCEJ’NKEKVKGTWPIOKVFGO%QTQPCVKPCPCNQIQPWPVGTUWEJV
’U YWTFGP EO ITQ†G $NCVVUGIOGPVG XQP  6CIG CNVGP -GKONKPIGP XQP *QTFGWO
XWNICTG XCT 5CNQOˆ H×T J CWH .ÑUWPIGP XQP /G,# CNU 5VCPFCTF WPF XQO
’VJ[NKPFCPQ[N-QPLWICV  CNU 6GUVUWDUVCP\ HNQVKGTV &KG 40#YWTFG GZVTCJKGTV WPF
µI FCXQP OKV OCTMKGTVGT ,+2 E&0# J[DTKFKUKGTV &KG ’ZRQUKVKQPU\GKV DGVTWI
OKP
Abb. 63: Genexpression von JIP 23 in Gerstenblättern nach Behandlung mit MeJA und .
9…JTGPFOKVFGT#\KFQXGTDKPFWPIGKPGz/.ÑUWPIXGTYGPFGVYGTFGPOWUUVG
WO GKPG FGWVNKEJG ’ZRTGUUKQP \W KPFW\KGTGP TGKEJV DGK FGT ’VJ[NXGTDKPFWPI  GKPG
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z/ .ÑUWPI CWU &KG #MVKXKV…V XQP  H×T FKG ’ZRTGUUKQP FGU ,+2  KUV FCOKV
OKPFGUVGPU GDGPUQ ITQ† YKG FKG FGU ,CUOQPU…WTGOGVJ[NGUVGTU 9KGFGT YWTFG FKG
#MVKXKV…V FWTEJ FGP \WU…V\NKEJGP ’VJ[NUWDUVKVWGPVGP KO 8GTINGKEJ \W  FGWVNKEJ
GTJÑJV
 1LNRWLQ,QGXNWLRQLQ7DEDNSIODQ]HQ
&GT0KMQVKPIGJCNVKP6CDCMRHNCP\GPMCPPFWTEJGZQIGPG<WICDGXQP,CUOQPCVGTJÑJV
YGTFGP&KGUG0KMQVKP KPFW\KGTGPFG#MVKXKV…V 
0+#YWTFG XQP<*#0)OKVVGNU XGT
UEJKGFGPGT ’NKEKVQTGP ×DGTRT×HV ’U \GKIVG UKEJ FCUU /G,# WPF FCU +PFCPQ[N
+UQNGWEKPMQPLWICV
GKPGXGTINGKEJDCTG5VGKIGTWPIFGUGPFQIGPGP0KMQVKPIGJCNVGUKP
FGP 6CDCMRHNCP\GP JGTXQTTKGHGP&KGUG#TDGKVYWTFG  KO#TDGKVUMTGKU XQP 2TQH
$CNFYKP FWTEJIGH×JTV #WEJ FKG 5WDUVCP\  YWTFG CWH GKPG UQNEJG 0+# KP
-QQRGTCVKQPOKV)10<#.’<WPF$#.&9+0IGVGUVGV
&CU ’ZRGTKOGPVYWTFG CPCNQI \WO RWDNK\KGTVGP 8GTUWEJ FWTEJIGH×JTV #O GTUVGP
6CI FGU ’ZRGTKOGPVU YWTFGP FKG 0KEQVKCPC U[NXGUVTKU2HNCP\GP OKV z/QN ’NKEKVQT
DGJCPFGNV0CEJUGEJUYGKVGTGP6CIGPYWTFGPFKG2HNCP\GPRTQDGPCWHIGCTDGKVGVWPF
XGTOGUUGP
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Abb. 64: Nikotingehalt der ganzen Pflanze (WP= ZKROHSODQW) in Prozent nach Behandlung mit
verschiedenen Elicitoren (600 nMol)
+PUIGUCOV\GKIGPFKGFTGKXGTYGPFGVGP’NKEKVQTGPMGKPGITQ†GP7PVGTUEJKGFG+PCNNGP
(…NNGP UVGKIV FGT 0KMQVKPIGJCNV KP FGP $N…VVGTP EC WO FCU 5GEJUHCEJG 
EC zI
0KMQVKPOI KO 8GTINGKEJ \WT -QPVTQNNG &GT 0KMQVKPIGJCNV KUV \YCT DGK FGO
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’VJ[NKPFCPQP-QPLWICV  JÑJGT CNU DGK /G,# LGFQEJ KUV FKGUG 5VGKIGTWPI MCWO
UKIPKHKMCPV /ÑINKEJGTYGKUG KUV DGK FKGUGP -QP\GPVTCVKQPGP FCU 0+#/CZKOWO QFGT
FKGOCZKOCNG0KMQVKPRTQFWMVKQPGTTGKEJVWPFGXGPVWGNNY×TFGOCPOKVPKGFTKIGTGP
’NKEKVQTOGPIGPGKPGDGUUGTG#WUUCIG\WO8GTINGKEJFGTFTGK’NKEKVQTGPGTJCNVGP
’UN…UUVUKEJLGFQEJH×TOKV5KEJGTJGKVHGUVUVGNNGPFCUUFCU-QPLWICVCWEJKPFKGUGO
$KQCUUC[ GKPG UGJT ITQ†G #MVKXKV…V CWHYGKUV &KGUG NKGIV \WO $GKURKGN CWEJ FGWVNKEJ
×DGTFGT9KTMWPIFGT1ZQRJ[VQFKGPU…WTG
FKGHT×JGTIGVGUVGVYWTFGWPFPWT
GKPGUGJTIGTKPIG#MVKXKV…VCWUYKGU5EJYKGTKIGTH…NNVFGT8GTINGKEJOKV%QTQPCVKP&CU
2J[VQVQZKPYWTFGCWEJIGVGUVGV’UJCVVGLGFQEJGKPGPPGICVKXGP’KPHNWUUCWHFCU
9CEJUVWO WPF FCOKV CWH FKG )GYKEJVU\WPCJOG FGT 2HNCP\GP UQ FCUU FKGUG MCWO
ITÑ†GT YWTFGP WPF OCP UQ FGP 0KMQVKPIGJCNV PKEJV XGTINGKEJGP MQPPVG $GVTCEJVGV
OCPKPFKGUGO<WUCOOGPJCPIFKG)GYKEJVU\WPCJOGFGT2HNCP\GPKPFKGUGO8GTUWEJ

#DD  UQ UQNNVG OCP CWHITWPF FGT ITÑ†GTGP 5VTWMVWTCPCNQIKG \W %QTQPCVKP GKPG
UV…TMGTG *GOOWPI FGU 9CEJUVWOU FWTEJ FKG ’VJ[NXGTDKPFWPI  CNU FWTEJ FKG
WPUWDUVKVWKGTVG8GTDKPFWPIGTYCTVGP&GT’NKEKVQTQJPG5WDUVKVWGPVCP2QUKVKQP
DGYKTMV LGFQEJ GKPG IGTKPIGTG)GYKEJVU\WPCJOG CNU FKG ’VJ[NXGTDKPFWPI  &KGUGT
IGIGPN…WHKIG’HHGMVKUVUGJTKPVGTGUUCPVWPF\GKIVFCUUFCU%QTQPCVKPOKOKMUKEJPKEJV
KPCNNGP’KIGPUEJCHVGPCPFCU%QTQPCVKPCPIGP…JGTVJCV
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Abb. 65: Durchschnittliche Gewichtszunahme der Pflanzen 6 Tage nach Behandlung mit
verschiedenen Elicitoren
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 ,QGXNWLRQGHU%LRV\QWKHVHYRQ%HQ]R>F@SKHQDQWKULGLQHQ
-76%*#0GVCNJCDGPGKPGKPHCEJGU6GUVU[UVGOGPVYKEMGNVFCUCWHFGT#MMWOWNCVKQP
XQP$GP\Q=E?RJGPCVJTKFKP#NMCNQKFGP 
#DD KP’UEJUEJQN\KC ECNKHQTPKEC<GNNMWNVWTGP
DGTWJV ’U YWTFG GKPIGUGV\V WO ICP\G 4GKJGP XQP RQVGPVKGNNGP ’NKEKVQTGP \W
VGUVGP
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Abb. 66: Benzo[F]phenathridin Alkaloide von (FDOLIRUQLFD
&CDGKYWTFGIG\GKIVFCUU UQYQJN ,#/G,#WPF12&# CNUCWEJXGTUEJKGFGPG
&GTKXCVGXQPFKG2TQFWMVKQPFGT#NMCNQKFGKPFGP<GNNMWNVWTGPKPFW\KGTGPMÑPPGP
1DYQJN CWEJ %QTQPCVKP 
 WPF %(#+NG GKPG ITQ†G DKQNQIKUEJG 9KTMWPI JCDGP
MQPPVGFCU+PFCPQ[N+UQNGWEKPMQPLWICVMGKPGFGWVNKEJG+PFWMVKQPJGTXQTTWHGP
+P FKGUGO $KQCUUC[ GTTGKEJVG  YGFGT FKG 9KTMWPI FGT ,CUOQPU…WTG PQEJ FKG FGU
%QTQPCVKPU ’UYCT FGUJCND XQP DGUQPFGTGO +PVGTGUUG QD FCU ’VJ[NFGTKXCV  FKGUG
’KIGPUEJCHVDGUKV\V
+O #TDGKVUMTGKU XQP 2TQH -WVEJCP YWTFG FGT ’NKEKVQT  CPCNQI \W FGP DKUJGTKIGP
8GTUWEJGP IGVGUVGV &CDGK YWTFG \W LGYGKNU ON <GNNMWNVWTNÑUWPI  D\Y zN
’NKEKVQTNÑUWPI IGIGDGP &KG GTTGKEJVGP)GUCOVMQP\GPVTCVKQPGP NCIGP FCDGK \YKUEJGP
WPFz/&KG2TQDGPYWTFGP6CIGDGK u% KPMWDKGTV&CPCEJYWTFGPFKG
<GNNGPCD\GPVTKHWIKGTVWPFFKG2TQDGPCEJYGKVGTGT#WHCTDGKVWPIDGKPOKO78
5RGMVTQOGVGTXGTOGUUGP,GFG/GUUWPIYWTFGOKPFGUVGPUFTGKOCNFWTEJIGH×JTV
&KG’TIGDPKUUG
#DD\GKIGPH×TFCU+PFCPQP&GTKXCV\YCTGKPGPNGKEJVGTJÑJVGP
.GXGNCDGTMGKPG-QP\GPVTCVKQPUCDJ…PIKIMGKV&KG)TCHKM\GKIVFCUUFKGUGJTFGWVNKEJG
#MVKXKV…VFGT’VJ[NXGTDKPFWPIXGTINGKEJDCTOKVFGTXQP/G,#KUV
z/&KG
-QP\GPVTCVKQPUCDJ…PIKIMGKVFGT#NMCNQKFRTQFWMVKQPKUVIWV\WGTMGPPGP
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Abb. 67: Elicitierungsversuche an (FDOLIRUQLFD zur Alkaloidproduktion (Linie= Kontrolle)
&CU’VJ[NKPFCPQ[N-QPLWICV\GKIVKPFKGUGO$KQCUUC[GKPGIGPCWUQITQ†G#MVKXKV…V
YKG FGT DGUVG DKUJGT DGMCPPVG ’NKEKVQT FGT /GVJ[NGUVGT FGT ,CUOQPU…WTG &KG
’TYGKVGTWPI FGT +PFCPQ[N.GKVUVTWMVWT  \GKIV JKGT UGJT FGWVNKEJ UGKPG 9KTMWPI
<WFGO KUV FKGU GKP UGJT IWVGU $GKURKGN FCUU FKGUG 5WDUVCP\ CWEJ H×T FGP
MQOOGT\KGNNGP’KPUCV\\WT9GTVUVQHHRTQFWMVKQPOKV2HNCP\GP\GNNMWNVWTGPIGGKIPGVUGKP
MÑPPVG
 8QWHUVXFKXQJHQ DQ SIODQ]OLFKHQ 6LJQDO
ZHJHQ
3.3.1 Vergleich von Duftprofilen nach Behandlung mit
verschiedenen Indanoyl-Konjugaten
&KGDKUJGTKIGP8GTUWEJGJCDGPFGWVNKEJIGOCEJVYKGUGJTFKG5VTWMVWTGKPGT5WDUVCP\
KJTG DKQNQIKUEJG9KTMWPI DGUVKOOVY…JTGPFWOIGMGJTV GKPG DGUVKOOVG DKQNQIKUEJG
9KTMWPI PKEJV CWH GKPG GKP\KIG 5VTWMVWT CNU ’NKEKVQT DGUEJT…PMV KUV 5Q CJOV FCU
WPUWDUVKVWKGTVG+PFCPQ[N+UQNGWEKP-QPLWICVFKG9KTMWPIXQP,CUOQPU…WTGUGJT
IWV PCEJ QDYQJN FKG UVTWMVWTGNNGP JPNKEJMGKVGP PKEJV DGUQPFGTU ITQ† UKPF 9KTF
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\WU…V\NKEJGKPPGWGT5WDUVKVWGPV\$GKPG’VJ[NITWRRGGKPIGH×JTVFKGFKGUVTWMVWTGNNG
JPNKEJMGKV\WT ,#GTJÑJVWPFPKEJVUGPMV UQGTJ…NVOCPGKPGUQYQJNSWCPVKVCVKXCNU
CWEJSWCNKVCVKXUVCTMXGT…PFGTVGDKQNQIKUEJG9KTMWPI
7OFGP’KPHNWUUGKPGU5WDUVKVWGPVGPCPFGT2QUKVKQPFGU+PFCPQ[N+UQNGWEKPOGVJ[N
GUVGTUIGPCWGT\WUVWFKGTGPYGTFGPKO(QNIGPFGPFKGXGTUEJKGFGPGP-QPLWICVG
 WPF  UQYKG  CNU +UQNGWEKPMQPLWICV XGTINGKEJGPF DGVTCEJVGV ’U YWTFG LGYGKNU
JFKG&WHVRTQFWMVKQP CP2JCUGQNWU NWPCVWUOKV z/’NKEKVQTNÑUWPIGP IGOGUUGP
&CPCEJ YWTFGP FKG 2GCMHN…EJGP FGT GKP\GNPGP -QORQPGPVGP XQP OKPFGUVGPU H×PH
%JTQOCVQITCOOGP IGIGP GKPGP KPVGTPGP 5VCPFCTF 
+5 PQTOKGTV WPF KP GKPGO
/KVVGNYGTV \WUCOOGPIGHCUUV &KG 9GTVG H×T GKPG &WHVMQORQPGPVG YWTFGP PCEJ
+PFWMVKQPOKVXGTUEJKGFGPGP’NKEKVQTGPXGTINKEJGP
 +RPRWHUSHQHXQG0HWK\OVDOLF\ODW
#WUFGPDKUJGTKIGP&CVGP 
-CRKVGNWPFYWTFGFGWVNKEJFCUUFGT’KPHNWUU
FGU’VJ[NUWDUVKVWGPVGPCWHFKG2TQFWMVKQPFGTDGKFGP*QOQVGTRGPG 
&/066/66
WPFCWH/GVJ[NUCNKE[NCVCOITÑ†VGPKUV&KGUGU’TIGDPKUDGUV…VKIVUKEJCWEJJKGTYKGFGT

#DD  &WTEJ FKG9CJN GKPGU GPVURTGEJGPFGP 5WDUVKVWGPVGP N…UUV UKEJ FKG/GPIG
XQP&/06 KO&WHV UVGWGTP ,GITÑ†GTFKG UVTWMVWTGNNGJPNKEJMGKVFGU’NKEKVQTU \WO
%QTQPCVKP
YKTFWOUQUV…TMGTYKTFFKG2TQFWMVKQPFGT*QOQVGTRGPG
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Abb. 68: Einfluss des Substituenten auf die Emission von DMNT, Methylsalicylat und TMTT
(100 µM)
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#WEJ H×T FKG $KQU[PVJGUG XQP 6/66 IKDV GU GKPGP UQNEJGP 6TGPF LGFQEJ KUV FGT
’KPHNWUU UGJT XKGN FTCUVKUEJGT &GT 9GEJUGN XQP GKPGT 0#EGV[NCOKPQITWRRG KP 
+NG/G\WT#\KFQHWPMVKQPKPDGYKTMVGKPGHCEJG5VGKIGTWPIFGT6/662TQFWMVKQP
WPFFGT9GEJUGN \WT’VJ[NITWRRG GTJÑJVFKG/GPIGFGURTQFW\KGTVGP*QOQVGTRGPU
FCPP\WU…V\NKEJWOFCUHCEJG
&GT ’KPHNWUU CWH FKG 2TQFWMVKQP XQP /GVJ[NUCNKE[NCV FCIGIGP YKTF PWT FWTEJ FGP
’VJ[NUWDUVKVWGPVGP  XGT…PFGTV *KGT GTJ…NV OCP GKPGP HCEJ GTJÑJVGP 9GTV KO
8GTINGKEJ \W CNNGP CPFGTGP +PFCPQP-QPLWICVGP &KG 9GTVG \GKIGP FCUU FKG
$KQU[PVJGUGFGT*QOQVGTRGPGPKEJVOKVFGT2TQFWMVKQPXQP/GVJ[NUCNKE[NCVIGMQRRGNV
KUV&GPPY…JTGPFFKG*QOQVGTRGPRTQFWMVKQPKPFKGUGT4GKJGFGT’NKEKVQTGP\WPKOOV
UVGKIV FKG /GPIG FGU 5CNKE[NCVU GTUV DGKO ’VJ[NKPFCPQPMQPLWICV  FGWVNKEJ CP
0CV×TNKEJUVCOOVFCU/GVJ[NUCNKE[NCVCWUGKPGOICP\CPFGTGP$KQU[PVJGUGYGICNUFKG
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Abb. 69: Einfluss des Substituenten auf die Emission von Ocimen, Linalool, C10H14 und C10H16O
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Abb. 70: Einfluss der Struktur des Indanons auf die Emission von Indol, Anthranilsäuremethyl-
ester (AnthranilMe), Caryophyllen und ein noch unbekanntes Sesquiterpen
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3.3.2 „Crosstalk“ – Die Wirkung von Salicylat auf den Octadeca-
noidweg
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Abb. 71: Duftspektrum von 3OXQDWXV mit Alamethicin als Elicitor
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Abb. 72: Zeitabhängige Bestimmung der endogenen JA (s) und SA (n) Konzentrationen nach
ALA-Elicitierung (Kontrolle: l)
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Abb. 73: OPDA und JA; besserer Chromophor bei OPDA durch konjugierte Doppelbindung am
Keton
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Abb. 74: Quantifizierung endogener JA und OPDA-Level nach ALA-Elicitierung ohne und mit
Vorinkubation mit Aspirin (AcSA).
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µII
$NCVVIGYKEJV CDGT QHHGPUKEJVNKEJ YGTFGP UR…VGTG 5EJTKVVG PCEJ FGT 12&# KO
1EVCFGECPQKFYGI DNQEMKGTV FGPP KP FKGUGO (CNN ×DGTUEJTGKVGV FKG ,#-QP\GPVTCVKQP
PKEJVFGP4WJGIGJCNV
PII$NCVVIGYKEJV
+P)GIGPYCTVXQPITQ†GP/GPIGP#E5#UEJQP\W$GIKPPFGT#.#$GJCPFNWPIYKTF
FGT’HHGMVFGT5#CWHFGP1EVCFGECPQKFYGIDGUQPFGTUFGWVNKEJ&GT$KQU[PVJGUGYGI
YKTF FGWVNKEJ JQEJTGIWNKGTV CDGT KO 8GTNCWH DNQEMKGTV YCU \W GKPGT NGKEJVGP
#PTGKEJGTWPIXQP12&#H×JTV&GTQZKFCVKXG#DDCW\WT ,# VTKVVPKEJVCWH 
#DD
&KG#MMWOWNCVKQPFGTHT×JGP1EVCFGECPQKFGYKG.KPQNGPU…WTGWPF12&#MCPPPWP
FC\WH×JTGPFCUUFKGUGCNU’NKEKVQTGPH×TFCU\WDGQDCEJVGPFG&WHVOWUVGTFKGPGP&KGU
YWTFGDGTGKVU XQP-1%*DGUEJTKGDGP&KGUGU’ZRGTKOGPV \GKIVFKGWPVGTUEJKGFNKEJG
4QNNG FGT HT×JGP WPF UR…VGP 1EVCFGECPQKFG KO 0GV\YGTM FGT 5KIPCNYGIG FGT
.KOCDQJPG #NNGTFKPIU UQNNVGP YGKVGTG ’ZRGTKOGPVG FKG 9KTMWPI XQP 12&# WPF
.KPQNGPU…WTG KP 2JCUGQNWU NWPCVWU UKEJGTUVGNNGP 5Q Y…TGP +PMWDCVKQPGP OKV
5CWGTUVQHHFGTKXCVGP FGT 12&# FKG PKEJV FWTEJ β 1ZKFCVKQP \W ,# CDDCWDCT UKPF
FGPMDCTWOFKG5KIPCNHWPMVKQP\WDGYGKUGP
3.3.3 Überlegungen zur induzierten Homoterpen / Methyl-
salicylat-Biosynthese
&KG$GFGWVWPIFGUFWTEJ#NCOGVJKEKP 
#.# KPFW\KGTVGP&WHVOWUVGTU DGK2 NWPCVWU
WPFFGUUGP<WUVCPFGMQOOGPKUVFWTEJFKG#TDGKVXQP-1%*WPFFGPKP-CRKVGN
DGUEJTKGDGPGP8GTUWEJGPPQEJNCPIGPKEJVXQNNUV…PFKIXGTUVCPFGP
/KVFGT %TQUUVCNM *[RQVJGUGMCPPOCPLGFQEJIWVGTMN…TGPYCTWO%QTQPCVKPPKEJV
PWT GKP &WHVOWUVGT DGK FGT .KOCDQJPG KPFW\KGTV FCU FGO FWTEJ ,# KPFW\KGTVGP
GPVURTKEJV UQPFGTP CW†GTFGO CWEJ FKG 2TQFWMVKQP XQP *QOQVGTRGPGP WPF
/GVJ[NUCNKE[NCV CMVKXKGTV %QTQPCVKP KUV PKEJV PWT OKV UGKPGO %(#6GKN 
 GKP ,#
#PCNQIQP UQPFGTP CNU #OKPQU…WTGMQPLWICV CWEJ GKPU FGT 1ZQRJ[VQFKGPU…WTG

 5QOKVYKTMV GU CWH FKG&WHVRTQFWMVKQP 
#DD  UQYQJN CNU ,# CNU CWEJ CNU
12&#
&WTEJ FKG ’PVFGEMWPI FCUU #.# PGDGP FGT /GVJ[NUCNKE[NCV PWT PQEJ FKG
*QOQVGTRGP$KQU[PVJGUG GNKEKVKGTV 
#DD  IKDV GU CDGT PQEJ \YGK YGKVGTG
/ÑINKEJMGKVGP FGT ’TMN…TWPI #.# CNU +QPQRJQT DGYKTMV GKPG FTCUVKUEJG
Ergebnisse und Diskussion 73
&GRQNCTKUKGTWPICPFGT/GODTCP<WOGKPGPMÑPPVGUKEJFKGUGT’HHGMVCNU5VCTVRWPMV
GKPGT YGKVGTGP 5KIPCNMCUMCFG CWUYKTMGP \WO CPFGTGP MÑPPVG GT FWTEJ FCU
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9KTMWPICWHFKG2HNCP\GJCDGPYCUCNU4GCMVKQPFKG2TQFWMVKQPFKGUGU&WHVOWUVGTU
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/ÑINKEJGTYGKUG URKGNV FCDGK CWEJ FKG &GRQNCTKUCVKQP FGT /GODTCP YKGFGT GKPG
YKEJVKIG 4QNNG FGPP 5EJYGTOGVCNNG JCDGP ’KPHNWUU CWH FKG 9KTMWPI FGT
.KRQZ[IGPCUGP 
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 DGKO #DDCW FGT $KQOGODTCPGP .1: UKPF WPKXGTUGNN
XQTJCPFGPG ’P\[OG FKG FKG *[FTQRGTQZKFKGTWPI XQP WPIGU…VVKIVGP (GVVU…WTGP CWU
FGP /GODTCPGP MCVCN[UKGTGP 5KG URKGNGP CWEJ GKPG YKEJVKIG 4QNNG DGK FGT
/GODTCPNKRKF2GTQZKFCVKQP Y…JTGPF FGT 2HNCP\GPCNVGTWPI <W FGP
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GTJÑJVGP#WUVCWUEJFGT’NGMVTQN[VG&GT/GODTCPUEJCFGPFGTFWTEJ#NVGTWPIWPF
CDKQVKUEJGP 5VTGUU GKPUEJNKG†NKEJ 5EJYGTOGVCNNUCN\G CWUIGNÑUV YKTF GPVUVGJV OGKUV
FWTEJ /GODTCPNKRKF2GTQZKFCVKQP ’U IKDV $GTKEJVG ×DGT FKG $GVGKNKIWPI XQP
HTGKGP 4CFKMCNGP DGK FGT /GODTCP\GTUGV\WPI JGTXQTIGTWHGP FWTEJ
5EJOGTOGVCNNUCN\G
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.KOCDQJPGPKP5EJYGTOGVCNN.ÑUWPIGPIGUVGNNV-WRHGTUWNHCVWPF3WGEMUKNDGTEJNQTKF
.ÑUWPIGPOKVGKPGT-QP\GPVTCVKQPXQPOIONYWTFGPCNUGZQIGPG5VTGUUHCMVQTGP
XGTYGPFGV
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Abb. 75: Duftprofil von 3OXQDWXV nach Elicitierung mit Schwermetalllösung
/KVFKGUGPTGNCVKXJQEJMQP\GPVTKGTVGP.ÑUWPIGPGTJ…NVOCPGKP&WHVRTQHKNFCUDKUCWH
FKG )GUCOVOGPIG GZCMV FGO FWTEJ #NCOGVJKEKP 
#DD  JGTXQTIGTWHGPGP &WHV
GPVURTKEJV +UV FCU CWH VQZKUEJG ’HHGMVG \WT×EM\WH×JTGP QFGT GKP 4GUWNVCV FGT
&GRQNCTKUKGTWPIFGT$KQOGODTCPGP!
#NU <WUCV\ \W CNN FKGUGP $GQDCEJVWPIGP IKDV GU GKPG #TDGKV FKG \GKIV FCUU GZQIGP
CRRNK\KGTVG 5CNKE[NU…WTG FKG KPFKTGMV FGRQNCTKUKGTGPFGP ’HHGMVG XQP 3WGEMUKNDGT WPF
$NGKUCN\GP CWUINGKEJGP MCPP /ÑINKEJGTYGKUG XGTUWEJV FCU FKG .KOCDQJPG CWEJ
YGPP UKG PCEJ FGT &GRQNCTKUCVKQP FGT $KQOGODTCP FWTEJ #.# QFGT
UEJYGTOGVCNNWPVGTUV×V\VG .1:#MVKXKV…V ITQ†G /GPIGP XQP 5CNKE[NU…WTG RTQFW\KGTV
FKG YKT KO &WHV YKGFGTHKPFGP &KGU KUV GKPG XQP OGJTGTGP OÑINKEJGP *[RQVJGUGP
FGTGP-N…TWPIGKPYKEJVKIGT5EJTKVV\WO8GTUV…PFPKUFGTRHNCP\NKEJGP#PVYQTVCWHFKG
WPVGTUEJKGFNKEJGP ’NKEKVKGTWPIGP UGKP YKTF &KG &GRQNCTKUKGTWPI FGT /GODTCPGP
MÑPPVGFCDGKGKPGYKEJVKIG5EJN×UUGNTQNNGURKGNGP
3.3.4 Verbesserte Methoden zur Quantifizierung von organischen
Säuren
’KP5EJN×UUGN \WO8GTUV…PFPKUFGT5VGWGTWPIFGU5GMWPF…TUVQHHYGEJUGNU KP2HNCP\GP
KUV FKG CMMWTCVG WPF \WXGTN…UUKIG /GUUWPI XQP -QP\GPVTCVKQPGP FGT YKEJVKIUVGP
2J[VQJQTOQPG WPF 5KIPCNOQNGM×NG .GKFGT NKGIGP XKGNG FKGUGT 5WDUVCP\GP KP GZVTGO
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IGTKPIGP -QP\GPVTCVKQPGP KP FGP 2HNCP\GP XQT UQ FCUU OCP GPVYGFGT CWH ITQ†G
/GPIGP2HNCP\GPOCVGTKCNCPIGYKGUGPKUVWOGKPGPCEJYGKUDCTGWPFOGUUDCTG/GPIG
FKGUGT5WDUVCP\GP\WGTJCNVGPQFGTCDGTVGWTG#PCN[UGIGT…VGXGTYGPFGPOWUUWOFKG
0CEJYGKUITGP\G JGTCD\WUGV\GP ’KPG GKPHCEJG MQUVGPI×PUVKIG #NVGTPCVKXG FKG CWH
GKPGT #PCN[VKM DGTWJV FKG KP XKGNGP .CDQTGP DGTGKVU XQTJCPFGP KUV Y…TG
Y×PUEJGPUYGTV
’KPG &GVGMVKQPUOGVJQFG FKG GU GTOÑINKEJV KP UGJT PKGFTKIG -QP\GPVTCVKQPUDGTGKEJG
XQT\WFTKPIGP KUVFKG/GUUWPIFGT(NWQTGU\GP\&KG’ORHKPFNKEJMGKVFKGUGT/GVJQFG
NKGIV LG PCEJ (NWQTQRJQT WOOKPFGUVGPU \YGK 1TFPWPIGP JÑJGT CNU FKG &GVGMVKQP
OKVVGNU78DGK5WDUVCP\GPOKVFWTEJUEJPKVVNKEJGT78#DUQTRVKQP
$GVTCEJVGVOCPFKGWPVGTUEJKGFNKEJGP#PCN[VGPFKG H×TGKPGUQNEJG/GUUWPI KP(TCIG
MQOOGP UQ IKDV GU PGDGP FGP UEJQP GTY…JPVGP 5WDUVCP\GP YKG \WO $GKURKGN
,CUOQPU…WTG 
 1ZQRJ[VQFKGPU…WTG 
 WPF 5CNKE[NU…WTG 
 PQEJ YGKVGTG
8GTDKPFWPIGP FKG GKPG \GPVTCNG 4QNNG DGK FGT 5VGWGTWPI FGU 5GMWPF…TOGVCDQNKUOWU
XQP2HNCP\GP URKGNGPWPFFGTGPIGOGKPUCOG’THCUUWPIDGK GKPGT GKP\GNPGP/GUUWPI
JÑEJUVY×PUEJGPUYGTVY…TG
#WZKPQFGT+PFQN GUUKIU…WTG 
 +## KUV KP2HNCP\GPH×TFCU5VTGEMWPIUYCEJUVWO
KO 5RTQUU \WUV…PFKI &KG9KTMWPI FGT +## DGUVGJV FCTKP FCU 5VTGEMWPIUYCEJUVWO
FGT <GNNGP \W HÑTFGTP $GK -T×OOWPIUYCEJUVWO YKG 4CPMGPURKTCNKUKGTWPI YKTF
#WZKP NCVGTCN \W GKPGT 5GKVG VTCPURQTVKGTV WPF DGYKTMV UQ GKP WPVGTUEJKGFNKEJGU
9CEJUVWODGKFGT5GKVGP
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Abb. 76: Weitere pflanzliche Signalstoffe: Auxin (IAA), Gibberellin GA1 und Abscisinsäure (ABA)
)KDDGTGNNKPG  DKNFGP GKPG ITQ†G -NCUUG XQP 8GTDKPFWPIGP XQP FGPGP GKPKIG
DKQNQIKUEJ CMVKX WPF H×T FCU .…PIGPYCEJUVWO XQP 5VGPIGNP XGTCPVYQTVNKEJ UKPF
<WFGOTGIGNPUKGFKG#PNCIGXQP(T×EJVGPFGTGP9CEJUVWOWPFFKG#WUNÑUWPIFGT
5COGPMGKOWPI&KG#DUEKUKPU…WTG 
#$#FKGUKEJXQPFGP%CTQVKPQKFGPCDNGKVGV
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MQPVTQNNKGTV FGP 9CUUGTJCWUJCNV XQP 2HNCP\GP 5KG KPKVKKGTV FCU 5EJNKG†GP FGT
5RCNVÑHHPWPIGP DGK 9CUUGTOCPIGN WPF NÑUV ×DGT )GPGZRTGUUKQP FKG &QTOCP\ XQP
5COGPWPF-PQURGPCWU
8GTINGKEJVOCPCNNGFKGUGYKEJVKIGP5KIPCNUWDUVCP\GPOKVGKPCPFGT UQUVGNNVOCPGKPG
YKEJVKIG )GOGKPUCOMGKV HGUV ’U JCPFGNV UKEJ JKGTDGK FWTEJIGJGPF WO QTICPKUEJG
5…WTGP /CP DGPÑVKIV FGOPCEJ GKP &GTXCVKUKGTWPIUTGCIGP\ FCU GKPGP UVCTMGP
(NWQTQRJQT DGK QTICPKUEJGP 5…WTGP GKPH×JTV ’KPG JQJG 4GCMVKXKV…V \GKIGP FCDGK
&KC\QCNMCPGFKG KP NGKEJV UCWTGO/GFKWODGK4CWOVGORGTCVWTQJPG5VÑTWPIFWTEJ
9CUUGTOKVFGPQTICPKUEJGP5…WTGPGPVURTGEJGPFG’UVGTDKNFGP
+P FGT .KVGTCVWT UKPF &KC\QCNMCPG CNU &GTKXCVKUKGTWPIUTGCIGP\KGP DGUEJTKGDGP FGTGP
JQJG4GCMVKXKV…VOKVFGTIWVGP&GVGMVKGTDCTMGKVXQP(NWQTQRJQTGPXGTDWPFGPYKTF
’UIKDVDGTGKVUGKPGITQ†G/GPIGHNWQTGU\GPVGT)TWRRGPFKGFCDGKIGPWV\VYGTFGP\$
%QWOCTKPFGTKXCVG #PVJTCEGP 0CRJV[N 2JGPCPVJTGPG WPF 2[TGP[NXGTDKPFWPIGP
UQYKG(NWQTGUEGKPCPCNQIC
<WT -WRRNWPIOKV FGP %CTDQZ[HWPMVKQPGPYWTFGP#NM[NJCNKFG #OKPG *[FTC\KFG
#NMQJQNG%CTDQFKKOKFGWPFCWEJ&KC\QCNMCPGDGPWV\V&KGDKUJGTKIGP#PYGPFWPIGP
NKGIGPCWUUEJNKG†NKEJKODKQOGFK\KPKUEJGP$GTGKEJ
$KUJGTIKDVGUMGKPG8GTYGPFWPIFKGUGT/GVJQFG KO$GTGKEJFGT2J[VQJQTOQPG7O
FKG#PYGPFDCTMGKV FKGUGT 6GEJPKM CWH FKG&GVGMVKQP FGT 5KIPCNUVQHHG KP 2HNCP\GP \W
×DGTRT×HGP YWTFG \WP…EJUV GKP IGGKIPGVGU &GTKXCVKUKGTWPIUTGCIGP\ CWUIGY…JNV
9GIGP UGKPGT JQJGP (NWQTGU\GP\KPVGPUKV…V WPFFGT MQOOGT\KGNNGP8GTH×IDCTMGKV HKGN
FKG 9CJN CWH 2[TGP[NFKC\QOGVJCP 
 2&#/ &KG #PTGIWPIU WPF
’OKUUKQPUOCZKOC NKGIGP DGK 2&#/ DGK PO WPF PO ’U KUV XGTINGKEJUYGKUG
UVCDKN WPF DGK 4CWOVGORGTCVWT  6CIG JCNVDCT/KV FKGUGO4GCIGP\YWTFGP \WXQT
XGTUEJKGFGPG(GVVU…WTGPKP/GPIGPXQP(GOVQOQNPCEJIGYKGUGP2&#/TGCIKGTV
OKVQTICPKUEJGP5…WTGP\WUVCDKNGP’UVGTP
#DDFKGFWTEJUGJTUVCTMGU78.KEJV
YKGFGTURCNVDCTUKPF
Ergebnisse und Diskussion 77
N2 O
R
R
O
+
O
HO
 
Abb. 77: Reaktion von PDAM mit einer organischen Säure
&KGUGU8QTU…WNGPFGTKXCVKUKGTWPIUTGCIGP\KUVUVCTMQTCPIGIGH…TDVWPFYKTFJGNNIGND
PCEJ FGT 4GCMVKQP &CU 4GCIGP\ YKTF KP %JNQTQHQTO/GVJCPQN XQTIGNÑUV KO
flDGTUEJWUU \W FGP Y…UUTKIGP QFGT HGUVGP 2TQDGP IGIGDGP WPF H×T OKP DGK
4CWOVGORGTCVWTIGUEJ×VVGNV&KG4GCMVKQPXGTN…WHVSWCPVKVCVKX7OFGPflDGTUEJWUUCP
4GCIGP\CD\WHCPIGPIKDVOCP’UUKIU…WTG\W
&KG%JTQOCVQITCRJKGGTHQNIVFWTEJTGXGTUGFRJCUG*2.%CPGKPGT%5…WNGOKVGKPGO
)TCFKGPVGP CWU9CUUGT WPF #EVQPKVTKN 
UKGJG ’ZRGTKOGPVGNNGT 6GKN &KG $KNFWPI FGT
’UVGT YWTFG CO $GKURKGN FGT ,CUOQPU…WTG 
 WPF FGT 12&# 
 OKVVGNU .%/5
×DGTRT×HV &KG&GVGMVKQP GTHQNIVOKV GKPGO (NWQTGU\GP\FGVGMVQT DGK FGP#PTGIWPIU
WPF’OKUUKQPUYGNNGPN…PIGPFGU2[TGP[NTGUVGU
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Abb. 78: Eichgerade mit der Emission bei 395 nm für verschiedene Mengen JA mit linearer
Regression (R2=0,99974). Die Anregung erfolgt bei 340 nm.
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&KG#DD\GKIVFKG/GUUWPIGKPGT’KEJIGTCFGPOKV,#/GPIGPXQPDKUP/QN
&KG’TIGDPKUUG\GKIGPGKPGITQ†G)GPCWKIMGKVUQYQJN KO$GTGKEJMNGKPGT/GPIGPOKV
UGJT ITQ†GO 4GCIGP\×DGTUEJWUU CNU CWEJ DGK ITÑ†GTGP ,#/GPIGP YGPP FKGUGT
flDGTUEJWUUFGWVNKEJMNGKPGTYKTF
&KG/GUUWPIXQPRHNCP\NKEJGP2TQDGPKP<WUCOOGPCTDGKVOKV6JQOCU-QEJWPF#PLC
$KGFGTOCPP \GKIV FGWVNKEJ FKG 5EJY…EJGP FGU 2&#/U +O WPVGP IG\GKIVGP
%JTQOCVQITCOO 
#DD  MCPP OCP FKG (GVVU…WTGP GKPHCEJ WPVGTUEJGKFGP LGFQEJ
NKGIGP KO XQTFGTGP $GTGKEJ FGU %JTQOCVQITCOOU FKG 5WDUVCP\GP CNNG UGJT PCJ
DGKGKPCPFGTWPFYGTFGPPKEJVOGJTUCWDGTIGVTGPPV&KGUNKGIVCO8GTJ…NVPKUFGUUGJT
ITQ†GP J[FTQRJQDGP 2[TGP[NHNWQTQRJQTU \WO 4GUV FGU /QNGM×NU &GT ’KPHNWUU FGT
MNGKPGP 5KIPCNOQNGM×NG CWH FCU *2.%.CWHXGTJCNVGP KUV FGUJCND UGJT IGTKPI &KG
NCPIGP (GUVU…WTGP JCDGP FCIGIGP GKPGP ITÑ†GTGP ’KPHNWUU CWH KJT .CWHXGTJCNVGP DGK
FGT%JTQOCVQITCRJKG
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Abb. 79: Chromatogramm einer ALA elicitierten Pflanzenprobe (1 g); Lin = Linolensäure; FA =
Fettsäure
+P FKGUGO (CNN YWTFG FKG ITQ†G (NWQTGU\GP\KPVGUKV…V OKV GKPGT UVCTM GTUEJYGTVGP
6TGPPWPIGTMCWHV.GKFGTYCTGUCWU\GKVNKEJGP)T×PFGPPKEJVOÑINKEJFKGUG6GEJPKM
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DKU \W GKPGO #DUEJNWUU YGKVGT\WGPVYKEMGNP LGFQEJ NKGIV KP FKGUGT /GVJQFG PQEJ
TGKEJNKEJ2QVGPVKCNH×T8GTDGUUGTWPIGP&KGCPCN[VKUEJGP/ÑINKEJMGKVGP\WT5VWFKGFGT
GPFQIGPGP2J[VQJQTOQPNGXGNUKPFUGJTXKGNXGTURTGEJGPF
’U GORHKGJNV UKEJ PCEJ FGP DKUJGTKIGP ’THCJTWPIGP GKPGP CPFGTGP (NWQTQRJQT \W
XGTYGPFGP FGT GKPGP MNGKPGTGP YGPKIGT J[FTQRJQDGP 4GUV DGUKV\V &KGU UQNNVG FKG
6TGPPNGKUVWPI XGTDGUUGTP WPF FKG &CWGT GKPGU 6TGPPWPIUNCWHU XGTM×T\GP (×T
\WM×PHVKIG 8GTUWEJG Y×TFGP UKEJ FKG DKUJGT PQEJ PKEJV XGTYGPFGVGP &CPU[N 
/GVJQZ[PCRJV[NQFGTFCUDGY…JTVG%QWOCTKPFKC\QCNMCP 
#DDGORHGJNGP
CWEJYGPPFKGUDGFGWVGVFCUUOCPFWTEJFKGXGTOKPFGTVG(NWQTGU\GP\PKEJVOGJTKO
HOQN$GTGKEJOGUUGPMCPP
O
N
N2 N2
N2
OMeO
MeO
OMe
  
Abb. 80: alternative Derivatisierungsreagentien: Dansyl-, Methoxynaphtyl- und Coumarin-
diazoalkan
3.3.5 Induktion der Glyceollinproduktion an Sojabohnen

-QQRGTCVKQPOKV2TQH’DGN./7/×PEJGP
 (LQOHLWXQJ
&KG 2JQVQCHHKPKV…VUOCTMKGTWPI CP ICP\GP 2HNCP\GP KUV UGJT CWHYGPFKI 5GJT XKGN
GKPHCEJGTKUVFKG5WEJGPCEJ4G\GRVQTGPWPF$KPFGRTQVGKPGPKP<GNNMWNVWTGP2TQH’DGN
WPF UGKPG/KVCTDGKVGT XQP FGT ./7/×PEJGP CTDGKVGP UGKV XKGNGP ,CJTGPOKV GKPGO
5QLCDQJPGP<GNNMWNVWTU[UVGO CP FGO UKG #PHCPI FGT PGWP\KIGT ,CJTG FGP 4G\GRVQT
GKPGU*GRVC INWEQUKFU H×T FKG 2J[VQCNGZKPRTQFWMVKQP KP FGT 5QLCDQJPG KFGPVKHK\KGTV
JCDGP &KGUGU GVCDNKGTVG 5[UVGO MÑPPVG GKP IWVGT 5VCTVRWPMV H×T GTUVG
2JQVQCHHKPKV…VUOCTMKGTWPIGP UGKP ,GFQEJOWUUVG \WP…EJUV IG\GKIV YGTFGP FCUU FCU
RJQVQNCDKNG%QTQPCVKP#PCNQIQPKPFGP5QLCDQJPGP\GNNMWNVWTGPFKG2TQFWMVKQPXQP
)N[EGQNNKP
#DDWPFCPFGTGP2J[VQCNGZKPGPKPFW\KGTV
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#ZGN/KVJÑHGTCWUFGT/×PEJGPGT#TDGKVUITWRRGVGUVGVGUQYQJNFKG#\KFQXGTDKPFWPI
 CNU CWEJ FKG +PFCPQP8GTDKPFWPIGP  WPF  &CPGDGP YWTFGP 
1ZQRJ[VQFKGPU…WTG 
 ,CUOQPU…WTG 
 WPF /GVJ[NLCUOQPCV WPVGTUWEJV #NU
2QUKVKXMQPVTQNNG FKGPVG GKPG CPIGTGKPKIVG (TCMVKQP FGU *GRVC INWEQUKFU 
4’ &KG
<GNNMWNVWTRTQDGPYWTFGPJ CWH GKPGO-TGKUUEJ×VVNGT DGK TRO KO&WPMGNPOKV
FGP CPIGIGDGPGP -QP\GPVTCVKQPGP FGU ’NKEKVQTU KPMWDKGTV &CU HKNVTKGTVG /GFKWO
YWTFGOKV ’VJ[NCEGVCV GZVTCJKGTV&GT4×EMUVCPFYKTF PCEJ 6TQEMPGP WPF ’KPGPIGP
FGT QTICPKUEJGP2JCUGOKV ’VJCPQN CWHIGPQOOGPWPF CWH GKPGT42 5…WNGOKVVGNU
*2.% WPVGTUWEJV &KG 2GCMHN…EJG FGU )N[EGQNNKPU KO %JTQOCVQITCOO FKGPV \WT
/GPIGPDGUVKOOWPI’UYWTFGPLGYGKNUOKPFGUVGPUFTGK/GUUWPIGPFWTEJIGH×JTV
0
500000
1000000
1500000
2000000
2500000
3000000
3500000
4000000
H2
O RE
Co
ro
na
tin
 0,
05
µM
Co
ro
na
tin
 1µ
M
Co
ro
na
tin
 
10
µM
Ind
Et-
Ile
Me
 
0,0
5µ
M
Ind
Et-
Ile
Me
 
1µ
M
Ind
Et-
Ile
Me
 
10
µM
OP
DA
 17
µM H2
O RE
JA
 10
µM
JA
 
10
0µ
M
JA
 
1m
M
Me
JA
 10
µM
Me
JA
 
10
0µ
M
Me
JA
 
1m
M
OP
DA
 
34
µM H2
O RE
OP
DA
 0,
07
µM
OP
DA
 0,
7µ
M
OP
DA
 
6,8
µM
Ind
-
Ile
Me
 
2,5
µM
Ind
-
Ile
Me
 
25
µM
Ind
-Ile
Me
 25
0µ
M
Az
ido
Ind
-Ile
Me
 2,
5µ
M
Az
ido
Ind
-Ile
Me
 25
µM
Az
ido
Ind
-Ile
Me
 25
0µ
M
Elicitor
3
HD
NI
Ol
FK
H
08.10.00 15.06.00 05.05.00
Abb. 81: Relative Mengen des Glyceollins im Extrakt von 1 g Zellkultur (Frischgewicht) mit
verschiedenen Elicitoren (RE= Rohelicitor)
+P #DD  UKPF FKG ’TIGDPKUUG XQP FTGK ’ZRGTKOGPVGP IG\GKIV 8GTINGKEJV OCP FKG
/GPIGP PCEJ ’NKEKVKGTWPI OKV FGO 4QJGNKEKVQT 
4’ FCPP GTMGPPV OCP FKG IWVG
4GRTQFW\KGTDCTMGKVKPFGPFTGK/GUUTGKJGP.GKFGT\GKIGPGKPKIG-QP\GPVTCVKQPUTGKJGP
GKPG PKEJV PCEJXQNN\KGJDCTG +PMQPUKUVGP\ 5Q KUV FKG )N[EGQNNKPOGPIG DGK FGT LGYGKNU
OKVVNGTGP-QP\GPVTCVKQPXQP%QTQPCVKP/G,#WPFIGTKPIGTCNUGTYCTVGVWPFDGK
,CUOQPU…WTGPKOOVFKG9KTMWPIDGKUVGKIGPFGT-QP\GPVTCVKQPCD
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6TQV\FKGUGT7PTGIGNO…†KIMGKVGP N…UUVUKEJ\GKIGPFCUU%QTQPCVKPWPFFCU#PCNQIQP
 GKPG …JPNKEJ UVCTMG 9KTMWPI CWH FKG )N[EGQNNKPRTQFWMVKQP JCDGP &KG
WPUWDUVKVWKGTVG +PFCPQPXGTDKPFWPI  \GKIV FCIGIGP PWT GKPGP $TWEJVGKN FKGUGT
#MVKXKV…V&CU#\KFQFGTKXCVJCVGKPGITQ†GDKQNQIKUEJG9KTMWPIFKGCNNGTFKPIUPKEJV
ICP\CPFKGFGU%QTQPCVKPUJGTCPTGKEJV12&#KUVWPVGTJCNDXQP-QP\GPVTCVKQPGPXQP
z/PWTUEJYCEJCMVKXFCT×DGT\GKIVGUFCIGIGPGKPG×DGTTCUEJGPFITQ†G#MVKXKV…V
.GKFGT UVCOOGP FKGUG9GTVG XQP XGTUEJKGFGPGP 8GTUWEJGP UQ FCUU OCP FKG9GTVG
FWTEJ GKPG -QP\GPVTCVKQPUTGKJG KP GKPGO ’ZRGTKOGPV DGUV…VKIGP UQNNVG ’PVIGIGP
HT×JGTGT#PPCJOGPKUVFCU5QLCDQJPGP<GNNMWNVWTU[UVGOKPFKGUGO$KQCUUC[PKEJV ,#
KPUGPUKVKX
#WU FGT 6GPFGP\ FKGUGT &CVGP MCPP OCP UEJNKG†GP FCUU FKG +PFCPQPFGTKXCVG KJTG
4QNNG CNU %QTQPCVKPCPCNQIC YKGFGT DGUV…VKIV JCDGP #WEJ FGT ’KPHNWUU FGU
5WDUVKVWGPVGP CO #TQOCVGP GPVURTKEJV FGP ’TIGDPKUUGP FGT CPFGTGP 8GTUWEJG &CU
5QLCDQJPGPU[UVGO TGCIKGTV CWH FKG ’NKEKVKGTWPI OKV FGO #\KFQKPFCPQ[NKUQNGWEKP
OGVJ[NGUVGT
UQOKVUQNNVGGKPG2JQVQCHHKPKV…VUOCTMKGTWPICPFGT5QLCDQJPGOÑINKEJ
UGKP
 ,GHQWLIL]LHUXQJHLQHVQHXHQ)ODYRQVGHU6RMDERKQH
0CEJ’NKEKVKGTWPIOKVFGO#\KFQKPFCPQ[N-QPLWICVGPVFGEMVG#ZGN/KVJÑHGTKPFGP
%JTQOCVQITCOOGPGKPG8GTDKPFWPIFKGGTDGKDKUJGTKIGP8GTUWEJGPCWHITWPF KJTGT
IGTKPIGP #DUQTRVKQP KIPQTKGTV JCVVG &GT 2JQVQCHHKPKV…VUOCTMGT  KPFW\KGTV FKG
2TQFWMVKQP FKGUGT 5WDUVCP\ FGUUGP 4GVGPVKQPU\GKV PKEJV OKV FGP H×T 5QLCDQJPG
DGMCPPVGP8GTDKPFWPIGP×DGTGKPUVKOOVG\$)N[EGQNNKP&CKF\GKPQFGT)GPKUVGKP&KG
2TQFWMVKQPFKGUGT8GTDKPFWPIYWTFGOKVGKPGTz/.ÑUWPIFGU#\KFU×DGT
OCN UV…TMGT CMVKXKGTV CNU FWTEJ FKG .GGTRTQDG 
#DD  #WEJ FGT 4QJGNKEKVQT FCU
WPUWDUVKVWKGTVG +PFCPQ[NMQPLWICV WPF 12&# 
 GTTGKEJVGP PWT GKPG 8GTFTGK DKU
8GTPGWPHCEJWPIFGU)TWPFIGJCNVGU
&KG-QNNGIGP KP/×PEJGPMQPPVGP GVYCOIFKGUGT 5WDUVCP\ UCOOGNP 5KG \GKIVG
GKPGUVCTMG(NWQTGU\GP\OKVPO’ZVKPMVKQPUWPFPO’OKUUKQPUYGNNGPN…PIG’U
MQPPVGP IWVG 0/4 D\Y /CUUGPURGMVTGP XQP FGT 5WDUVCP\ CWHIGPQOOGP WPF
CWUIGYGTVGVYGTFGP
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Abb. 82: Produktion einer neuen Substanz nach Elicitierung mit . Dargestellt sind die
Peakflächen nach HPLC, kalibriert auf Kontrolle=1 (RE=Rohelicitor)
&KG5WDUVCP\JCVGKPG/CUUGXQPIOQNWPFFKG5WOOGPHQTOGN%*15KG
\GKIV GKP H×T *[FTQZ[HNCXQPG V[RKUEJGU /5<GTHCNNUOWUVGT /KV *KNHG FGT 0/4
5RGMVTGP MQPPVG FKG 5WDUVCP\ CNU   &KJ[FTQZ[HNCXQP KFGPVKHK\KGTV YGTFGP &KGUG
5WDUVCP\ KUV DGTGKVU CWU GKPKIGP YGPKIGP 2HNCP\GP DGMCPPV WPVGT CPFGTGO CWU FGP
9WT\GNP EJKPGUKUEJGT .CMTKV\G 
)N[E[TTJK\C CURGTC ,GFQEJ ICD GU DKU LGV\V MGKPG
*KPYGKUGFCTCWHFCUUFKGUG5WDUVCP\CWEJKPFGT5QLCDQJPGXQTMQOOV
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Abb. 83: Identifiziertes 7,4‘-Dihydroxyflavon
&KG KPVGTGUUCPVG (TCIOGPVKGTWPI FGU /QNGM×NU KO/CUUGPURGMVTWO MQPPVG XQP &T
0GKN1NFJCOFWTEJFKGHQNIGPFGYCJTUEJGKPNKEJG4GCMVKQPGTMN…TVYGTFGP
#DD
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Abb. 84: Postulierte Fragmentierung von  im Massenspektrometer
Abb. 85: Massenspektrum des 7,4‘-Dihydroxyflavons 
3.3.6 Analytik zur Identifikation von Phytoalexinen in der
Limabohne
<WFGPDGMCPPVGP8GTVGKFKIWPIUOGEJCPKUOGPFGT.KOCDQJPG
2NWPCVWUIGJÑTGPFKG
E[CPQIGPGP)N[EQUKFG
UKGJG5GKVGWPFFKGVTKVTQRJG+PVGTCMVKQPOKVFGPPCV×TNKEJGP
(GKPFGP FGT 5RKPPOKNDG ×DGT &WHVUVQHHG 
UKGJG 5GKVG  9…JTGPF H×T CPFGTG
$QJPGPCTVGP \$ 5QLCDQJPG XKGN ×DGT FKG 8GTVGKFKIWPI FWTEJ VQZKUEJG (NCXQPQKFG
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RWDNK\KGTV KUV UKPF8GTDKPFWPIGPFKGUGT-NCUUG H×TFKG.KOCDQJPGDKUJGTWPDGMCPPV
7O \W WPVGTUWEJGP QD FKGUGU 2HNCP\GPU[UVGO …JPNKEJG 5WDUVCP\GP RTQFW\KGTV
YWTFGP LWPIG .KOCDQJPGP OKV \YGK XQNNUV…PFKI GPVYKEMGNVGP 2TKO…TDN…VVGTP OKV
XGTUEJKGFGPGP ’NKEKVQTNÑUWPIGP KPMWDKGTV #PCNQI \WO &WHVDKQCUUC[ 
UKGJG
’ZRGTKOGPVGNNGT6GKNYWTFGPFKG2HNCP\GPJKPGKPG’NKEKVQTNÑUWPIIGUVGNNV&CPCEJ
YWTFGP$N…VVGTWPF5VGPIGNIGVTGPPVKPHN×UUKIGO5VKEMUVQHHIGOÑTUGTV,GYGKNUOI
FGU 2HNCP\GPOCVGTKCNU YWTFG OKV ON /GVJCPQN H×T J DGK u% GZVTCJKGTV &WTEJ
<GPVTKHWICVKQP WPF (KNVTCVKQPYWTFGP FKG HGUVGP $GUVCPFVGKNG CDIGVTGPPV &KG 2TQDGP
YWTFGPOKVVGNU*2.%CPGKPGT425…WNG
*1/G%0)TCFKGPVDKU/G%0
KP OKP IGVTGPPV &KG &GVGMVKQP GTHQNIVG OKVVGNU 78#DUQTDVKQP DGK PO WPF
FWTEJGKPGP&#&&GVGMVQT
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Abb. 86: Chromatogramm eines Blattextraktes von 3OXQDWXV nach Elicitierung mit JA (2 mM),
Alamethicin (10 µg/ml) und Cellulysin (0,1 mg/ml); Wasser als Negativkontrolle; λDet= 190 nm;
Säule RP-18
+P #DD  UKPF TGRT…UGPVCVKXG %JTQOCVQITCOOG CDIGDKNFGV &KG 78#DUQTRVKQP

PO FGT -QPVTQNNG FKG OKV 9CUUGT DGJCPFGNV YWTFG KUV FCDGK HCUV IGPGTGNN
IGTKPIGT CNU CNNG FTGK 2TQDGP XQP GNKEKVKGTVGP 2HNCP\GP $NCVV WPF 5V…PIGNGZVTCMVG
\GKIVGPFCDGK MGKPG GNGOGPVCTGP7PVGTUEJKGFG ’KPKIG 5KIPCNG HKPFGP UKEJPWT KPFGP
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%JTQOCVQITCOOGP XQP ,# WPF #.#KPFW\KGTVGP 2HNCP\GP &WTEJ 8GTINGKEJ FGT
\WIGJÑTKIGP 785RGMVTGP MQPPVG LGFQEJ CWUIGUEJNQUUGP YGTFGP FCUU GU UKEJ FCDGK
WO (NCXQPG QFGT FCXQP CDIGNGKVGVG 8GTDKPFWPIGP JCPFGNV #WEJ GPVURTCEJGP FKG
4GVGPVKQPU\GKVGP FKGUGT WPDGMCPPVGP 8GTDKPFWPIGP PKEJV FGPGP GKPKIGT UGJT
XGTDTGKVGVGT (NCXQPQKFG YKG )GPKUVGKP &CK\GKP )N[EGQNNKP QFGT -GXKVQP FKG CNU
4GHGTGP\GPXGTOGUUGPYWTFGP
&KGUG GTUVGP8GTUWEJG \GKIGP FCUU UKEJFKG2TQFWMVKQPXGTUEJKGFGPGT8GTDKPFWPIGP
FWTEJ ’NKEKVKGTWPI FGT .KOCDQJPG CMVKXKGTGP N…UUV&KGUG 5WDUVCP\GP IGJÑTGP LGFQEJ
PKEJV\WFGPJ…WHKIXQTMQOOGPFGP(NCXQPQKFGP9GKVGTGPÑVKIG7PVGTUWEJWPIGP\WT
5VTWMVWT FGT KPFW\KGTVGP 8GTDKPFWPIGP MÑPPVGP \GKIGP QD GU UKEJ JKGTDGK XKGNNGKEJV
WO2J[VQCNGZKPGQFGTRHNCP\NKEJG5KIPCNUVQHHGJCPFGNV
3.3.7 Photoakustikspektroskopie für Isopren

-QQRGTCVKQPOKV&T(TCPM-×JPGOCPP+#27PK$QPP
#O+PUVKVWV H×T#PIGYCPFVG2J[UKMFGT7PKXGTUKV…V$QPPYGTFGPWPVGT.GKVWPIXQP
&T(TCPM-×JPGOCPPGKPKIGFGTYGPKIGP2JQVQCMWUVKMURGMVTQOGVGT 
2#5YGNVYGKV
IGDCWVWPFXGTYGPFGV&KGUG6GEJPKMGTNCWDVGUFKG-QP\GPVTCVKQPXQP5RWTGPICUGP
GZVTGO GORHKPFNKEJ WPF \GKVINGKEJ \WOGUUGP $KUJGTYKTF FQTV DGTGKVU FKG/GUUWPI
XQP ’VJ[NGP UGJT GTHQNITGKEJ FWTEJIGH×JTV &KG /ÑINKEJMGKV FKG /GPIG FGU
CDIGIGDGPGP ’VJ[NGPU GKPGU FGT YKEJVKIUVGP 2J[VQJQTOQPG KP 2HNCP\GP QPNKPG KO
RRD$GTGKEJ\WXGTHQNIGPGTÑHHPGVXKGNH…NVKIG#PYGPFWPIUOÑINKEJMGKVGP
’KPYGKVGTGUNGKEJVGU5RWTGPICUPGDGPFGO’VJ[NGPKUVFCU+UQRTGP’UYKTFXQPXKGNGP
2HNCP\GP KP ITQ†GP/GPIGP GOKVVKGTV 
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Abb. 88: Schematischer Aufbau eines Photoakustikspektrometers (PAS)
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Abb. 90: Synthese des Dideuteroisoprens
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Abb. 91: IR-Spektren der beiden Isoprene in der Gasphase
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Abb. 92: Vergleich des Fingerprintbereichs der PAS- und der FTIR-Messung zur
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Abb. 93: Test der Funktionstüchtigkeit des neuen PA-Spektrometers
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Abb. 94: Darstellung des Photoaffinitätsmarkers 6-Azido-Indanoyl-Isoleucinmethylester 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Tab. 2: Vereinfachte Darstellung der biologischen Aktivität der Elicitoren in verschiedenen
Bioassays (-: keine Aktivität, +++: sehr starke Aktivität)
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Abb. 95: Darstellung des Coronatinanalogons 6-Ethyl-Indanoyl-Isoleucinmethylester 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Abb. 96: Fluoreszenzmarkierung von JA  durch PDAM 
• &KG $GFGWVWPI XQP +UQRTGP CNU #VOQURJ…TGPICUOKV GKPGO ITQ†GP $GKVTCI \WO
6TGKDJCWUGHHGMV WPF UGKPG ’OKUUKQP CNU 2TQFWMV KO RHNCP\NKEJGP 5GMWPF…TUVQHH
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 0DWHULDOLHQ*HUlWHXQG0HWKRGHQ
5.1.1 Geräte
0/45RGMVTQOGVGT $TWMGT#XCPEG&4:
/CUUGPURGMVTQOGVGT /KETQOCUU/CU5RGE
+45RGMVTQOGVGT $TWMGT’SWKPQZ(6+45RGMVTQRJQVQOGVGT
785RGMVTQOGVGT 2GTMKP’NOGT.CODFC5RGMVTQOGVGT
(NWQTGU\GP\5RGMVTQOGVGT ,#5%1(2
’NGOGPVCTCPCN[UG ’NGOGPVCT8CTKQ’.
-TKUVCNNUVTWMVWT 0QPKWU-CRRC%%&&KHHTCMVQOGVGT
5EJOGN\RWPMVG $×EJK$
)%/5 (KPPKICP)%3
*2.% -QPVTQP2WORG#WVQUCORNGT&KQFGP
#TTC[&GVGMVQT ,#5%1 (2 (NWQTGU\GP\
FGVGMVQT
#PCN[VKUEJG&%U 25%(GTVKIRNCVVGP -KGUGNIGN  ( (KTOC /GTEM
5EJKEJVFKEMGOO
2TGRCTCVKXG&%U -KGUGNIGNFGT(KTOC/GTEM-ÑTPWPIzO
5VTKRRKPIRWORGP /KPKCVWTFTGJUEJKGDGTRWORGP FGT (KTOC (×TIWV
#KVTCEJ 0GPPURCPPWPI 8 $GVTKGDUURCP
PWPI8
*2.%/5 (KPPKICP.%3
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5.1.2 Materialien und Methoden
 &KHPLNDOLHQ
#NNG%JGOKMCNKGPUQHGTPPKEJVCPFGTUCPIGIGDGPUKPFMQOOGT\KGNNGTJ…NVNKEJ
1ZQRJ[VQFKGPU…WTG
12&#
%#/241
$GTNKP&GWVUEJNCPF
2[TGP[NFKC\QOGVJCP

/QNGEWNCT2TQDGU
.GKFGP0KGFGTNCPFG
%QTQPCVKPWPF%(#JCDG KEJHTGWPFNKEJGTYGKUGXQP&T/CVVJKCU7NNTKEJWPF&T +PC
$WFFG XQO/2+ H×T VGTTGUVTKUEJG/KMTQDKQNQIKG GTJCNVGP D\Y UGNDGT CWU 2 U[TKPICG
IGYQPPGP
 3IODQ]HQ
.KOCDQJPG2JCUGQNWUNWPCVWU(GTT[/QTUGXCT ,CEMUQP9QPFGT$WUJ $#5(#)WPF
-GNNQIU5GGFU+PE75#
<CWPT×DG$T[QPKCFKQKECYWTFGKPFGT7OIGDWPIFGU+PUVKVWVUIGUCOOGNV
 %DNWHULHQ
2UGWFQOQPCU U[TKPICG RX IN[EKPCG JCDG KEJ XQP &T /CVVJKCU 7NNTKEJ XQO /2+ H×T
VGTTGUVTKUEJG/KMTQDKQNQIKGGTJCNVGP
$G\GKEJPWPI %JCTCMVGTKUVKMC 3WGNNG
2)
9KNFV[R %14%/#%(# 
2)& -OT%14%/#%(# 
2) -OT%14%/#%(# 7NNTKEJ
/2+/CTDWTI
 0HGLHQ
a) KB-Medium (Vollmedium zur Anzucht von 3VHXGRPRQDV V\ULQJDH)
-KPIyU$/GFKWO
I 2GRVQP
I -*21
I /I51Z*1
ON )N[EGTKP
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b) HSC-Medium (Minimalmedien zur Anzucht von 3VHXGRPRQDVV\ULQJDH)
*QKPVKPM5KPFGP/GFKWOQRVKOKGTVH×T%QTQPCVKP5[PVJGUG
6GKN#
I 0*%N
I /I51Z*1
I -**21
I -*21
I -01
ON (G%N
O/
CF N *1FGOKP
R* 
6GKN$
I )NWMQUG
CF N *1FGOKP
&KG.ÑUWPIGPYWTFGPUGRCTCVCWVQMNCXKGTVWPFXQTFGO)GDTCWEJ KO8GTJ…NVPKU
IGOKUEJV
 0HWKRGHQXQG9HUVXFKVEHGLQJXQJHQ
a) Allgemeine Anzuchtbedingungen der Versuchspflanzen
&KG2HNCP\GPCP\WEJVXQP2 NWPCVWU (GTT[/QTUGXCT ,CEMUQP9QPFGT$WUJ GTHQNIVG KP
JCPFGNU×DNKEJGT #P\WEJVGTFG FKG XQT )GDTCWEJ  /KPWVGP DGK 9 KP FGT
/KMTQYGNNGUVGTKNKUKGTVYWTFG&KG6GORGTCVWTUEJYCPMVG\YKUEJGPWPFu%DGK
GKPGT .WHVHGWEJVKIMGKV XQP  &KG 2JQVQRJCUG DGVTWI  5VWPFGP OKV
.GWEJVUVQHHTÑJTGP 
µ’OU ,GYGKNU  5COGPYWTFGP KP GKPGO2NCUVKMVQRH 
∅ 
EO6CIGCPIG\QIGPDKUUKG\YGKXQNNGPVYKEMGNVG2TKO…TDN…VVGTJCVVGP
b) Wachstum von Pseudomonas syringae
9KT GTJKGNVGP CWUIGUVTKEJGPG2 U[TKPICG<GNNGP CWH/)#ICTRNCVVGP WPF KPMWDKGTVGP
FKGUG XKGT 6CIG DGK  u% 8QP FGP HTKUEJ IGYCEJUGPGP -QNQPKGP YWTFGP
(N×UUKIMWNVWTGP
*5%-$CPIGKORHV&KG-WNVWTGPYWTFGPDGKQFGTu%KPGKPGO
$TWVUEJTCPM OKV KPVGITKGTVGO 5EJ×VVNGT DGK  7RO KPMWDKGTV -WNVWTGP DKU O.
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YWTFGPKP4GCIGP\IN…UGTPOKVGKPGT0GKIWPIXQPuWPFITÑ†GTG8QNWOKPC

O.KPN’TNGPOG[GTMQNDGPJGTCPIG\QIGP
c) Isolation von Coronafacoyl-Komponenten
&KG’ZVTCMVKQPQTICPKUEJGT5…WTGPCWU\GNNHTGKGP-WNVWT×DGTUV…PFGPGTHQNIVGPCEJGKPGT
/GVJQFG XQP 2CNOGT WPF $GPFGT <WT +UQNCVKQP ITQ†GT/GPIGP %QTQPCHCEKPU…WTG

 WPF %QTQPCVKP 
 YWTFGP 2 U[TKPICG -WNVWTGP H×T  6CIG DGK  u% KP *5%
/GFKWO KPMWDKGTV &KG ’ZVTCMVKQP FGT %QTQPCHCEQ[N-QORQPGPVGP GTHQNIVG OKV
’VJ[NCEGVCVCWUN-WNVWT×DGTUVCPFKO.GKEJVRJCUGPGZVTCMVQT%(#WPF%14YWTFGP
CPUEJNKG†GPF FWTEJ &KEMUEJKEJVEJTQOCVQITCRJKG PCEJ GKPGO 2TQVQMQNN XQP /KVEJGNN
CWHIGTGKPKIV #NU .CWHOKVVGN FKGPVG FCDGK GKP +UQRTQRCPQN ’UUKIU…WTG 9CUUGT
’VJ[NCEGVCV 
)GOKUEJ&KG&GVGMVKQPXQP%(#WPF%14GTHQNIVGWPVGT78
.KEJV DGK  PO &KG GPVURTGEJGPFGP $CPFGP %(# 
4H   WPF %14 
4H  
YWTFGP XQTUKEJVKI JGTCWUIGMTCV\V &KG 5KNKEC2CTVKMGN YWTFGP H×T OKPFGUVGPU J KP
’VJ[NCEGVCV IGUEJYGPMV 5EJNKG†NKEJ YWTFGP FKG 5KNKEC2CTVKMGN CDHKNVTKGTV FCU
’VJ[NCEGVCV DGK  u% XGTFCORHV WPF FKG XGTDNGKDGPFGP 2GNNGVU KP LGYGKNU ON *1
TGUWURGPFKGTV &KG CWHIGTGKPKIVGP %QTQPCHCEQ[N-QORQPGPVGP YWTFGP DGK  u%
IGNCIGTV
d) Ansetzen von Testlösungen für verschiedene Bioassays
&KG6GUVNÑUWPIYWTFGCPIGUGV\VKPFGOFGT’NKEKVQTKPµN&/51XQTIGNÑUVWPFFKGUG
.ÑUWPIFCPPOKVON.GKVWPIUYCUUGTXGTF×PPVYWTFG&CDGKKUVGUYKEJVKIDGKFGP
UEJYGTNÑUNKEJGP 8GTDKPFWPIGP FKG &/51.ÑUWPI KP GKPG UVCTM T×JTGPFG .ÑUWPI
VTQRHGP\WNCUUGPFCFKG8GTDKPFWPICPUQPUVGPUQHQTVYKGFGTCWUH…NNV’KPG6GUVNÑUWPI
OKV&/51\GKIVGMGKPGDKQNQIKUEJG9KTMWPI
e) Duftbioassay an Phaseolus lunatus
2HNCP\GP XQP2 NWPCVWUOKV \YGK XQNN GPVYKEMGNVGP 2TKO…TDN…VVGTPYWTFGPOKV GKPGT
4CUKGTMNKPIG EO WPVGTJCND FGT $NCVVCPU…V\G CDIGUEJPKVVGP WPF UQHQTV KP
’RRGPFQTHIGH…†G OKV FGT 6GUVNÑUWPI 
 ON VTCPUHGTKGTV 9CJNYGKUG MCPP OCP CWEJ
UGJT IGTKPIG 8QNWOKPC FGT ’NKEKVQTNÑUWPIGP KP FKG )GH…†G IGDGP WPF PCEJ FGT
#WHPCJOGFWTEJFKG2HNCP\GPOKV.GKVWPIUYCUUGTCWHH×NNGP
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,G GKPG 2HNCP\GYKTF KP KJTGT .ÑUWPI KP GKPGP IGUEJNQUUGPGP ’ZUKMMCVQT IGUVGNNV WPF
FQTVH×TJDGKu%IGJCNVGPYQDGKY…JTGPFFGTGTUVGP5VWPFGPDGNKEJVGVYWTFG
IGHQNIVXQP5VWPFGP&WPMGNJGKVWPFYGKVGTGP5VWPFGP.KEJV
Pumpe
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filter
Abb. 97: Schema des „closed-loop“-Verfahrens zum Sammeln von Pflanzendüften
&KG&WHVUVQHHGFKGXQPFGP2HNCP\GP KPFGPP…EJUVGP5VWPFGPCDIGIGDGPYGTFGP
YGTFGP FWTEJ MQPVKPWKGTNKEJGU 2WORGP FGT .WHV KO ’ZUKMMCVQT ×DGT GKPGP
#MVKXMQJNGHKNVGT 
OI #MVKXMQJNG %.5#(KNVGT .G 4WKUUGCW FG /QPVDTWP (
&CWOC\CP UWT#TK\G (TCPMTGKEJ KO UQIGPCPPVGP ENQUGFNQQR 8GTHCJTGP 
#DD 
IGUCOOGNV0CEJ FGT ’NWCVKQP FGT&WHVUVQHHG XQO#MVKXMQJNGHKNVGTOKV µN GKPGT
&KEJNQTOGVJCPNÑUWPI OKV KPVGTPGO 5VCPFCTF 
µ/ $TQOFGECP KP &KEJNQTOGVJCP
YGTFGPFKG’ZVTCMVGRGT)5/5XGTOGUUGP)%$GFKPIWPIGP&$
µOZOZ
OO *GNKWO FKGPV OKV EOOKP CNU 6T…IGTICU &KG 6TGPPWPI FGT
8GTDKPFWPIGP GTHQNIVG WPVGT RTQITCOOKGTVGP $GFKPIWPIGP 
u% H×T OKP FCPP
u%OKP DKU u% FCPP OKV u%OKP DKU u% /5 (KPPKICP )%3 )%
+PVGTHCEGDGKu%/GUUDTGKVG&C&KGGKP\GNPGP8GTDKPFWPIGPYWTFGP×DGT
KJTG 2GCMHN…EJGP KO %JTQOCVQITCOO KO 8GTJ…NVPKU \WO KPVGTPGP 5VCPFCTF
SWCPVKHK\KGTV#NNG’ZRGTKOGPVGYWTFGPOKPFGUVGPUFTGKOCNFWTEJIGH×JTV
f) Rankenkrümmungsassay an %U\RQLDGLRLFD
7OFKG(…JKIMGKVFGT8GTDKPFWPIGP\WVGUVGP4CPMGPMT×OOWPIDGK$T[QPKCFKQKEC\W
KPFW\KGTGP YWTFGP FKG L×PIUVGP WPF DGUVGPVYKEMGNVGP 4CPMGP CDIGUEJPKVVGP WPF
FKTGMV KPGKP’RRGPFQTHIGH…†OKVONFGT6GUVNÑUWPI 
UQ×DGTH×JTV&KG5V…TMGFGT
4CPMGPMT×OOWPIYWTFG×DGTGKPGP<GKVTCWOXQPJXGTHQNIVWPFCWHGKPGT5MCNC
XQP
MGKPG-T×OOWPIDKU
XQNNUV…PFKIG5RKTCNKUKGTWPIEJCTCMVGTKUKGTV
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g) Reaktion des Azids  mit Myoglobin
’KPG .ÑUWPI FGU #\KFU  
OI zOQN KP9CUUGT 
ON YKTFOKV µN GKPGT
.ÑUWPICWU/[QINQDKP
ECPOQNWPF9CUUGT
OIKPONXGTOKUEJVWPFOKV
78.KEJV
PO9H×TOKPDGUVTCJNV&CU9CUUGTYKTFKPXCEWQGPVHGTPVWPFFGT
TGUWNVKGTGPFGDTCWPG(GUVUVQHHYKTFRGT/#.&+61(CPCN[UKGTV6T[RUKPQIGP
$QXKPG
WPF%[VQEJTQOG%
’SWKPGYGTFGPCNUKPVGTPG5VCPFCTFUJKP\WIGH×IV5KPCRKPKPU…WTG
FKGPVCNU/CVTKZ
h) HPLC-Untersuchung des „markierten“ Myoglobins
&KG 2TQDG YWTFG KP GKPGT -QP\GPVTCVKQP XQP ROQNµN KO .CWHOKVVGN

9CUUGT#EGVQPKVTKNIGNÑUV&KG%JTQOCVQITCRJKGDGUVGJVCWUGKPGT42*2.%5…WNG
% 0WENGQUKN #NU .CWHOKVVGN UKPF9CUUGT 
# WPF #EGVQPKVTKN 
$ OKV LGYGKNU
6TKHNWQTGUUKIU…WTGXGTUGV\V’UYKTFGKP)TCFKGPVDGPWV\VCWUIGJGPFXQP#
CWH#KPOKP
)GOGUUGP YKTF OKV GKPGO 78&GVGMVQT DGK PO WPF GKPGO (NWQTGU\GP\FGVGMVQT
OKV GKPGT #PTGIWPIUYGNNGPN…PIG DGK PO WPF GKPGT &GVGMVKQP DGK PO .%3
3WGNNG’5+
i) Quantifizierung endogener OPDA
$N…VVGT XQP 2 NWPCVWU 
I )GYGDG YWTFGP GKPIGHTQTGP WPF WPVGT HN×UUKIGO
5VKEMUVQHH IGOÑTUGTV &CU TGUWNVKGTGPFG 2WNXGT YWTFG \YGKOCN OKV ON 2GTQZKF
HTGKGO&KGVJ[NGVJGTGZVTCJKGTV/KVFGPXGTGKPKIVGP’ZVTCMVGPYWTFGGKPG(GUVRJCUGP
GZVTCMVKQPUMCTVWUEJG 
OI#DUQTDGPU #OKPQRTQR[N 8CTKCP &CTOUVCFV DGNCFGP
&KG -CTVWUEJGP YWTFGP OKV ON GKPGT .ÑUWPIUOKVVGNOKUEJWPI CWU
%JNQTQHQTO+UQRTQRCPQN 
 XX IGYCUEJGP WPF FKG IGDWPFGPG 12&# OKV ON
&KGVJ[NGVJGT’UUKIU…WTG 
XXGNWKGTV0CEJFGO8GTFCORHGPFGT.ÑUWPIUOKVVGN
YWTFGFGT4×EMUVCPFKPµN/GVJCPQNCWHIGPQOOGP’KP#NKSWQVXQPµNYWTFG
OKVVGNU *2.% CPCN[UKGTV 
-QPVTQP 5[UVGO #WVQUCORNG  2WORG  &#& 
5…WNG%%0WENGQUKN%
/CEJGTG[0CIGN&×TGP(NWUUTCVGONOKP78
&GVGMVKQPDGKPO/QDKNG2JCUG#EGVQPKVTKN
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3WCPVKHK\KGTWPI FGT 12&# GTHQNIVG ×DGT FGP 8GTINGKEJ FGT 2GCMHN…EJGP OKV FGPGP
GKPGT’KEJIGTCFGFKGWPCDJ…PIKIOKVMQOOGT\KGNNGTJ…NVNKEJGT12&#GTUVGNNVYWTFG
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j) Fluoreszenzdetektion von JA und anderen organischen Säuren aus
Pflanzenproben
2&#/ 
 YWTFG KP %JNQTQHQTO/GVJCPQN 
XX  OKV OION XQTIGNÑUV &KG
IGNÑUVGP2HNCP\GPGZVTCMVG
zN/GVJCPQNYWTFGPKP)%8KCNU
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OKVzNFGT
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zN’UUKIU…WTG\WWPFUEJ×VVGNVYGKVGTGOKP
&KG%JTQOCVQITCRJKGGTHQNIVFWTEJTGXGTUGFRJCUG*2.%CPGKPGT%5…WNGOKVGKPGO
)TCFKGPVGP CWU9CUUGTWPF#EVQPKVTKNOKV GKPGO(NWUU XQP ONOKP 
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7.2.1 1H-NMR-Spektren
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7.2.2 13C-NMR-Spektren
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7.2.3 Massenspektren
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7.2.4 Infrarotspektren
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7.2.5 Spektren des 7,4‘-Dihydroxyflavons
1.
00
00
2.
27
43
3.
98
50
1.
16
59
In
te
gr
al
7.
96
85
7.
87
95
6.
96
24
6.
94
26
6.
92
22
6.
67
60
(ppm)
6.656.706.756.806.856.906.957.007.057.107.157.207.257.307.357.407.457.507.557.607.657.707.757.807.857.907.958.00
O
O NH
MeOOC

OHO
O
H
OH
H
H
H
H
H
H
H






152
18
0.
35
65
16
6.
02
49
16
5.
58
18
16
2.
66
98
15
9.
83
16
12
9.
40
64
12
7.
73
94
12
3.
65
97
11
7.
08
65
11
7.
05
13
11
6.
61
17
10
5.
16
05
10
3.
61
31
(ppm)
0102030405060708090100110120130140150160170180
(ppm) 6.0 4.0 2.0 0.0
  (ppm)
8.0
6.0
4.0
2.0
0.0
COSY
OHO
O
OH












Anhang 153
(ppm) 8.0 7.6 7.2 6.8 6.4
  (ppm)
180
160
140
120
HMBC
(ppm) 8.0 7.6 7.2 6.8
  (ppm)
128
120
112
104
HMQC
154
(ppm) 8.0 7.6 7.2 6.8
  (ppm)
8.0
7.6
7.2
6.8
NOESY
Anhang 155
 ’DQNVDJXQJ
+EJFCPMG
• 2TQH $QNCPF H×T FKG DGUQPFGTU KPVGTGUUCPVG 6JGOGPUVGNNWPI UGKPG
YKUUGPUEJCHVNKEJGP #PTGIWPIGP FKG UVGVG &KUMWUUKQPUDGTGKVUEJCHV FKG ICP\
CWUIG\GKEJPGVG $GVTGWWPI WPF FGP ITQ†GP (TGKTCWO DGK FGT $GCTDGKVWPIOGKPGU
6JGOCU
• 2TQH#PFGTUH×TFKG$GVTGWWPIOGKPGT#TDGKVH×TFKG(TKGFTKEJ5EJKNNGT7PKXGTUKV…V
,GPC
• ,CPC 4GEJVGPDCEM #PLC $KGFGTOCPP WPF #PIGNKMC $GTI H×T FKG HCEJO…PPKUEJG
2HNGIGOGKPGT2HNCP\GPWPF<GNNMWNVWTGPH×TFKGXKGNGP5VTKRRKPIUWPF/GUUWPIGP
• 4GPCVG’NNKPIGTWPF&T5EJPGKFGTH×TFKG0/4/GUUWPIGPWPFFKG*KNHGDGKFGT
+PVGTRTGVCVKQPFGTUEJYKGTKIGP(…NNG
• ,CPKPG 4CVVMG WPF &T 0GKN 1NFJCO H×T FKG \CJNTGKEJGP/CUUGPURGMVTGP FKG KO
.CWHGFGTFTGK,CJTGCPIGHCNNGPUKPF
• &T*GNOCT)ÑTNUXQPFGT(57,GPCH×TFKG/GUUWPIFGT-TKUVCNNUVTWMVWTGPWPFFKG
IWVG<WUCOOGPCTDGKV
• OGKPGP-QQRGTCVKQPURCTVPGTPH×TFCU6GUVGPOGKPGT’NKEKVQTGPCP KJTGP5[UVGOGP
WPF H×TFKGJKNHTGKEJG&KUMWUUKQPFGT’TIGDPKUUG 2TQH ,×TIGP’DGN WPF&T#ZGN
/KVJÑHGT 
./7 /×PEJGP  &T -NCWU 9CUVGTPCEM &T $GVVKPC *CWUG 2TQH
-WVEJCP WPF &T 4QDGTV -TCOGNN 
+2$ *CNNG 2TQH +CP $CNFYKP WPF ,QPCVJCP
)QP\CNGU
/2+%’,GPC2TQH/CTEGN&KEMG
9CIGPKPIGP0.
• &T/CVVJKCU7NNTKEJ
/2+/CTDWTIH×TFKG$GTGKVUVGNNWPIXQP%(#%QTQPCVKPWPF
XGTUEJKGFGPGP2UGWFQOQPCUU[TKPICG/WVCPVGP
• &T(TCPM-×JPGOCPP
+#2FGT7PKXGTUKV…V$QPPH×TFKG/ÑINKEJMGKVOKEJCPFGT
’PVYKEMNWPIFGT2JQVQCMWUVKMURGMVTQUMQRKGH×T+UQRTGP\WDGVGKNKIGP
• 6JQOCU-QEJH×TFKG$GUVKOOWPIFGTGPFQIGPGP5CNKE[NCVNGXGN
• OGKPGP/KVCTDGKVGTPWPF-QNNGIGP CWU FGO#TDGKVUMTGKU H×T FTGK CPTGIGPFG WPF
NGJTTGKEJG ,CJTG 5VGHCP $CTVTCO %JTKUVQRJ $GEMOCPP #PIGNKMC $GTI #PLC
$KGFGTOCPP ,×TIGP ’PIGNDGTVJ $KTVG (GNF 1NKXGT (KGV\ %JTKUVKCP *GTVYGEM
156
/KEJCN *QUMQXGE #PFTGY ,CTXKU 8GTGPC ,WPI #PFTGCU ,WZ 6JQOCU -QEJ
/KEJCGN-WJP4[CP.CWEJNK#PFTGC.GJT0GKN1NFJCO,ÑTP2KGN)GQTI2QJPGTV
,CPKPG 4CVVMG ,CPC 4GEJVGPDCEJ 1VVOCT 5EJCCH &KGVGT 5RKVGNNGT %JTKUVQRJ
5VGKPDGEM #NˆU 5XCVQU 5CDKPG 6JKGUUGP ’NMG 6TWOOGT *CP ;QPSWCP WPF )TKV
9KPPGHGNF
/GKPDGUQPFGTGT&CPMIKNV
• 8GTGPC)GQTIWPFOGKPGT/WVVGTH×TFCUKPVGPUKXG-QTTGMVWTNGUGPFKGUGT#TDGKV
• OGKPGP/KVDGYQJPGTP1NNKWPF$KTVGFCH×TFCUUUKGLGFGP6CIFCH×TIGUQTIVJCDGP
FCUUKEJR×PMVNKEJKO+PUVKVWVYCTWPFH×TXKGNGUCPFGTG
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 3XEOLNDWLRQHQXQG7DJXQJVEHLWUlJH
2WDNKMCVKQPGP
• 5EJ×NGT)9CUVGTPCEM%$QNCPF95[PVJGUKUQHC\KFQQZQKPFCPQ[NKUQNGWEKPG
CRJQVQCHHKPKV[CRRTQCEJVQRNCPVUKIPCNKPI6GVTCJGFTQP

• $QNCPF9 ’PIGNDGTVJ , 2KGN , ,WPI8 ,WZ#-QEJ6-TWOO6 5EJ×NGT)
+PFWEGFDKQU[PVJGUKU QH VGTRGPQKF KPUGEV UGOKQEJGOKECNU KPRNCPVU%JGOKEMG.KUV[

5WRRN5
• &CJPMG * -CJN , 5EJ×NGT ) $QNCPF 9 7TDCP 9 -×JPGOCPP ( 1PNKPG
OQPKVQTKPI QH DKQIGPKE KUQRTGPG GOKUUKQPU WUKPI RJQVQCEQWUVKE URGEVTQUEQR[ #RRNKGF
2J[UKEU$.CUGTU1RVKEU

• ’PIGNDGTVJ , -QEJ 6 5EJ×NGT ) $CEJOCPP0 4GEJVGPDCEJ , $QNCPF9 +QP
%JCPPGN(QTOKPI #NCOGVJKEKP +U C 2QVGPV ’NKEKVQT QH 8QNCVKNG $KQU[PVJGUKU CPF 6GPFTKN
%QKNKPI %TQUU 6CNM DGVYGGP ,CUOQPCVG CPF 5CNKE[NCVG 5KIPCNKPI KP .KOC $GCP 2NCPV
2J[UKQN
• 5EJ×NGT))ÑTNU* $QNCPF95WDUVKVWVGF +PFCPQ[N +UQNGWEKPG%QPLWICVGU/KOKE
VJG$KQNQIKECN#EVKXKV[QH%QTQPCVKPG’W,1TI%JGOKP&TWEM
8QTVT…IG
• -QPHGTGP\ FGT &)( 
&GWVUEJG )GUGNNUEJCHV H×T (GVVHQTUEJWPI  5[PVJGUG XQP 
#\KFQQZQQ[N+UQNGWEKP)ÑVVKPIGP/C[
• -WTV /QVJGU 9QTMUJQR QH 5GEQPFCT[ 2NCPV /GVCDQNKUO %QTQPCVKP /KOKEU CU
’NKEKVQTUQH2NCPV&GHGPUG+PUVKVWVH×T2HNCP\GPDKQEJGOKG*CNNG5GRVGODGT
• (T…PMKUEJ/KVVGNFGWVUEJGU 0CVWTUVQHHEJGOKMGTVTGHHGP %QTQPCVKP#PCNQIC CNU
2HNCP\GPFWHV’NKEKVQTGP /CZ2NCPEM+PUVKVWV H×T %JGOKUEJG 'MQNQIKG  ,GPC
0QXGODGT
158
2QUVGT
• #VVCEM&GHGPUGKP2NCPV&KUGCUG5[PVJGUKUQHC\KFQQZQKPFCPQ[NKUQNGWEKPGC
RJQVQCHHKPKV[CRRTQCEJVQRNCPVUKIPCNKPI,QJP+PPGU%GPVGT0QTYKEJ)$,WNK
• +72#% -QPHGTGP\ WPF  )&%J 8QNNXGTUCOONWPI 5[PVJGUKU QH C\KFQQZQ
KPFCPQ[NKUQNGWEKPGCRJQVQCHHKPKV[CRRTQCEJVQRNCPVUKIPCNKPI$GTNKP#WIWUV
• %QPHGTGPEGQHVJG+PVGTPCVKQPCN5QEKGV[HQT%JGOKECN’EQNQI[5[PVJGUKUQHC\KFQ
QZQKPFCPQ[NKUQNGWEKPGCRJQVQCHHKPKV[CRRTQCEJVQRNCPVUKIPCNKPI2QEQUFG%CNFCU
$TCUKNKGP#WIWUV
Anhang 159
 /HEHQVODXI
0COG )ÑFG5EJ×NGT
)GDWTVUFCVWO 
)GDWTVUQTV $QEJWO
 -)5 0KGFGTMCUUGNGT 5VTC†G ))5 .ÑTKEM DGKFG KP
&×UUGNFQTH
 %QOGPKWU)[OPCUKWO &×UUGNFQTH1DGTMCUUGN #DKVWT
,WPK
 %JGOKGUVWFKWO CP FGT 4JGKPKUEJGP (TKGFTKEJ
9KNJGNOU7PKXGTUKV…V$QPP
/…T\&G\GODGT &KRNQOCTDGKV CO -GMWNˆ+PUVKVWV FGT 4JGKPKUEJGP
(TKGFTKEJ9KNJGNOU7PKXGTUKV…V$QPPWPVGTFGT.GKVWPI
XQP2TQH$QNCPF
,CPWCT &KRNQO%JGOKMGT
UGKV,CPWCT &QMVQTCPF CO /CZ2NCPEM+PUVKVWV H×T %JGOKUEJG
'MQNQIKGKP,GPCWPVGTFGT.GKVWPIXQP2TQH$QNCPF
 0CEJVWPF9QEJGPGPFFKGPUV KOMNKPKUEJGP.CDQTFGU
5V,QJCPPGU*QURKVCNU$QPP
UGKV 9GDOCUVGT KO /CZ2NCPEM+PUVKVWV H×T %JGOKUEJG
'MQNQIKG,GPC
,GPCFGP(GDTWCT

